Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



•L AfiCAMH UBItAniES 




vt^» 



-rf^ 






ELECTEICITY 



MOTIVE POWER. 



COUNT TH. DU MONCEL, 



FEANK OEEALDY, 

TMNSLiTEE, AS» EDITED WITH iDDIIIONS. 

BY 

C. J. WHAETON, 



WfTS 113 E2iGRAriSGS ASD DlAGSAJla. 




LONDON; 

~4 F. K- 8P0N, 16, OHAEINB OEOSa 
KEW YOEK; 35. MUERAT STREET. 



- /i'9/ 2,- 



L%. 




•• ••• « 

• • «. • • 












• • 












• • ( 



• '• •• 

►• "..r • • * ••• • 






• k 



PREFACE. 



CoDNT Du Monobl's work, ' L'Electricit6 comme 
Force Motrice,' has only quite recently been pub- 
lialied io France ; and although I was favoured by 
him with the rough proofs, in order that the trans- 
lation ehould appear as Boon as possible after the 
original, some little time necessarily elapsed; and 
although that time has been very short, it was 
necessary, before this present book went to press, 
that considerable modifications and additions should 
be made, in order that it should bring down to the 
present moment the history of all that has been 
done in the employment of electricity as a motive 
power, and the almost daily developments and im- 
provements that are taking place. 

K further proof were required, this would show 
how important and pressing a subject at the present 
moment is the transmission and distribution of 
power. Owing to the recent wonderful develop- 
ments in the various applications of electricity, the 
qneetion of utilizing for the benefit of mankind the 
Tast powers of nature at present wasted has assumed 
a practical ehape, and the number of recent esperi- 
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ments, books, papers, lectures, &c., by eminent and 
learned scientists, shows what a great future is 
looked for by those who have made a study of the 
subject. But at the same time very little .of the 
difiSculties or the possibilities of that subject are 
appreciated by the general public, and it is to them 
that I trust the present work may be useful and 
instructive. 

0. J. Wharton. 

8 ksd 9, holbobn yladuot, 
London : 
AvguBt 1883. 
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ELECTRICITY 



A MOTIVE POWEE. 



INTRODUCTION. 

Motive Fowek is the basis of most great industries ; 
and from the earliest ages of the world, man has 
been endeavouring to discover its best and most 
economical source. For a long time this power wan 
obtained from the muscular energy of man and beast. 
but it was understood that this might be better 
utilised, and it was thought that it might be more 
economically and more powerfully obtained from the 
elements of nature. The effects of gravity, of 
running water, and of the winds, were first enlisted, 
and machines were made, capable of transforming 
these natural actions into a circular movement, sus- 
ceptible in its turn of being applied in a thousand 
different ways to the various requirements of arts 
and manufactures. But there is not always running 
water at command, the winds are -very uncertain and 
changeable, and the attraction of gravity can only 
produce a profitable action when it can be in- 
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2 Electricity as a Motive Poicer. 

definitely continued, which can only be obtained 
from water falling from a height. The progress of 
human industry, besides, necessitated motors capable 
of being placed where their want was felt, and whose 
power could be deyeloped in any proportion and 
at any time that might be required; in fact, that 
they should be entirely subservient to human will. 
This problem in past ages formed an incentive to 
iuTentors, and led to the search for perpetual motion, 
for which, even in these days, some illusioDists still 
strive ; but when it was understood that, in obtainiog 
such a result, one of the great laws of nature 
(equilibrium) could not exist, healthy minds could 
only look to physical actions for the solution of the 
problem ; and it was Denis Pttpin who opened the 
way by discovering the expansive power of steam, 
and himself constructed a motor founded on this 
principle. The history of this magnificent discovery 
ia well known, and the immense resources which 
steam-engines have given us. To recount them 
would be to give the history of all modern in- 
dustries. However, this source of motive power has 
not remained the only one to be employed ; and 
now-a-days we see that engines founded on the ex- 
pansive power of gas play an important part in small 
industries ; and every day they tend to multiply : a 
clear proof that the subdivision of motive power baa 
become the question of the day. From this point of 
view, however, the problem has been lately solved in 
a satisfactory manner by a :iew means, by the help of 
a physical agent irom which it could scarcely have 
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been hoped for Iialf a century ago, and which has 
recently revealed to us effects which oiie could tlien 
hardly have dared to conceive. When we reflect 
that now we are enabled to transport to almost any 
distance a force of several horse-power by a wire 
which could easily be passed through a keyhole 
without any visible movement or any change in ita 
appearance, imagination itself is stupefied, and we 
ask ourselves if it is not magic ! This, however, is 
what electromotors cau do to-day. Thanks to them, 
natural forces, hitherto useless, cau perform at a 
distance from the source, work whicli could not have 
been made use of on the spot. Position now meanu 
nothing, and we may demand a supply of power as 
we demand a supply of water or gas ; the same fluid 
which gives us power can also give ua light, What 
progress science has thus made in the course of a few 
years ! Then electricity with great difficulty could 
develop only a few foot pounds of work ; and now we 
work ploughs, enormous pumps, cranes, mechanical 
sawB, planing machines, punching machines, drilling 
machines, and railways even ! The last Exhibition 
showed these marvels. 

The first attempts to obtain motive power from 
electricity were not successful. Many inventors 
spent large sums of money only to obtain insig- 
nificaut results ; and it was only when the rever- 
sibility of continuous current induction machines was 
tried, that an atlvantageous solution of the problem 
«oald be liwked for. Till then we had no electric 
currents sufBcienlly powerful to obtain any ai^^itt- 
b2 
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4 Eledriciiij as a Motive Power. 

ciable work. Bat when it was shown that with twd 
dynamo moebinea coupled one to the other, we could 
reueive from the one more than hail' the motive 
power expended in the otljer to produce the elec 
tricity, we might imagine that not only were we in 
poaseasion of a system of transmission of power to a 
diataoce which could often be utilised very advan- 
tageously even under theae conditions, but that the 
electromotive machines themselvea were capable of 
fumisbing a force much greater than was suppoaed 
by supplying them with sufficiently powerful cur- 
rents. Up till then, in fact, we had never been able 
to produce in this manner a force reaching one horse* 
power, and the moat perfect motors did not give more 
than one or two kilogram metres of force, which w. 
ridiculouB when compared with the expense which 
they necessitated. We were also on a wrong track, 
for it was sought to increase the power by an 
■exorbitant increase of the size of the electro-magnetic 
apparatus. Since the question has entered the new 
phase, it has been studied in a more aerious mannerj 
and small motors have been made which can now 
furnish appreciable and naeful work. We will 
devote a chapter to these little motora, of which the 
best known types are those of Deprez, Trouv^ 
Griscom, &c. ; but we must explain here that power 
of any magnitude can only be furnished by con-' 
tiUuoua-current dynamo-electric machines, such a& 
thoae of Gramme and Siemens. 

The causes which led to the failure of the early- 
attempts were principally, that it was only sought 
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to ntiltiie the direct attmctivo forca, wbioh in, as ull 
know, ejttremely limited and almoHt tho sftme for 
very Inr^o (.■iL-ctro-inngiiulx iw for small oiioh ; tliut tlm 
arningcmout« of tho commiilutoni were very favour- 
ablo to itiu dovelopriiuiit of indiioi^d ciirrontM in tlm 
coil* wliich aisled in a contniry diroction ti) tlio cur- 
rent tranmnittRd ; that magnfitination and dHmaguoli- 
sntiori took plane mliiggiithly in eletrtro- magnets of 
any tize, and thortfon' only a small part of their 
magoetiHm could be ulilined, bccoinin|^ even hurtful 
when it wan not rutjuirud ; that tlio liircot attrai^tions 
butwuon magriKt and anniituro tended U> bend the 
KUpport*, nccoxsitatiiip; too great a Reparation between 
tlio parts for thti bent of the work to be obtained ; and 
finally, that the commututora wore dutna^^'d by 
tpftrking, oHpecially of tlm extra currents. We nhall 
bave occasion pronently to ntiidy the various meunM 
proposed to modify thoMo dilTereiit dofectn, but they 
were evidently iuKufTiciont, Hinco good roMultM were 
never obtain od, and it was only when the now appli- 
cation wuH discovered that these oiiHtiU'IcH wuru 
mifficiontly surmounted to enable the nnu-liinciii to 
work Huiootbly. These conHiderationH have p'>int4^;d 
oat to UH tho order that Hhould be followed in this 
work, which we will divido into two partH, tho one 
treating of the early phone of electromotors since 
tbAir origin till tho ttmu when tho action of induction 
wu discovered, and tho other truating of this second 
phase of the (|ueKtion, with everything relating to the 
researohcH and applications of pra<!tic«l motors, in- 
D/ 1J;« [raogmiesion of furuo a&d iU duttiWMvii^. 
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6 Ehcirieity as a Motive Power. 

It has, however, seemed necesaary, to enable the 
reader thoroughly to grasp the techDical parts of the 
question, to give some preliminary ideas aa to the 
electric means employed in such motors, and these 
ideas will be found in the next chapter. 

Principles on which Ike Construction of Eleclromoiora 
is founded. 

All the efiecta of the electric fluid capable of giving 
an impulse to a body, or of deyeloping an attractive 
or repelling force, may be mechanically combined so 
as to form an electric motor. Thus, the reciprocal 
effects of electric currents on each other, the actioa 
of currents on magnets, of magnets on currents, and 
of temporary magnets on nou -magnetised bodies, 
may, if the electric force and the size of the parts 
subjected to the action be sufficiently increased, be 
utilised as electro-dynamic motors. It may be 
understood that, possessing in electricity a force 
which may be cut off at a moment's notice by simply 
disconnecting the current, very simple mechanism || 
suffices to transform the impulse given by it into a 
continuous rotary movement. Of all these properties, 
however, electro-magnetic attractions and repulsions, 
and those of parallel currents in the same direction, 
as in solenoids, have been the most utilised, setting 
aside the reversibility of continuous current dynamo- 
electric machines, the theory of which has not yet 
been fully elucidated. 

To obtain a rotary movement by electro-magnetic 
attractions it is sufficient, as is easily understood, to 
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cause a euccessioD of impulses resultrng from theae 
attractions to act upon a movable axis, and to provide 
this axis with a commatator, which before each 
electro-magnetic action closes the circuit, and opens 
it after the effect is produced. This problem may be 
directly solved by attaching to an axis a series of 
armatures, arranged like the blades of a paddle-wheel 
round a non-magnetic circumference, and moving 
before a like number of electro-magnets fixed round 
this circumference; or, indirectly, by fitting to this 
axis a crank and connecting-rod capable of trans- 
forming into rotary movement the to-and-fro move- 
ment caused by the momentary attraction of one or 
more armatures to the poles of electro-mag oets fixed 
before them. The effects may also be combined so 
that the reciprocal actions of the armatures and 
electro-magnets may give rise to two movable 
systems acting simultaneouBly on the same axis, and 
as this arrangement may be applied to all the 
electric or electro-magnetic properties of which we 
have spoken, we see tbat electromotors of Tery dif- 
ferent patterns may he constructed, which may be 
classed under various heads ; but before describing 
them, it will be ivell to give some details of the best 
form of the different parts entering into their con- 
struction, and we will first speak of electro-magnets 
and solenoids, which are the most important of 
these parts. 
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8 Ehdric-ity as a 'Motive Power. 

ELECTRO-MAGNETS AND THE CONDITIONS POB 
THEIE BEST CONSTRDCTION. 
Different Jdiids of Electro-magnMa. — An electro- 
magnet is, properly speaking, only a bar of iron, 
smrounded by a coil of insulated wire wound in 
layers and constituting a sort of bobbin, to which 
has been given the name of magnetising bobbin. 
This bar being straight, as in Fig. 1, constitutes a 
bar electro-magnet; when bent) as in Fig. 2, it is 
called a horse-shoe magnet. But these latter 
electro-magnets may also be made of two iron bars 
of equal leugtli connected by an iron cross bar, as 
shown in Figs, 3 and 4. The bars are then called 
the arms, and the magnetising bobbio, instead of 



Fio. 1. Fia. 2. Fib. 3. 




covering the whole magnetic system, is divided into 
two, and only covers the two arms. The parts 
covered by these bobbins are generally called the 
magnetic cores. Sometimes only one of the arms is 
covered with a bobbin, as in Figs. 5 and 6, and the 
electro-magnet is then called a one-legged electro- 
magnet. Sometimes several arms are placed on a 
single base, as in Figs. 7 and 9, thus making what 
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are called multipolar or consequent pole electro- 
magnets. In this ease the poles are alternately of 
opposite signs. In other arrangements of electro- 
magnets with two poles the base is made circular, 
Fio. 5. Fio. 6. Fm. 7. Fio. 8. 




and an iron cylinder fitteJ round it which envelops 
the arm on which the magnetising coil is wonntl, as 
in Fig. 8 ; this is called a tabular electro- mag net. 
In these conditions, one of the two poles forms a 
circular rim, in the centre of which is the other 
pole, and between them the magnetising coil. These 
Fio. 9. Fia. 10. FiQ. II. 

Utt (H 




electro-magnets, as well as the others, may be cylin- 
drical or oblong, as shown in Fig. 10; tlie hitter 
are most used at the present day. Again, as in 
Fig. 11, the cylindrical covering is sometimes made 
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to cover only (jalt' of the bobbin, and another cylinder 
exaftly aimilur, beinij Utted to tlie other half, forme 
a sort of cylindrical iron case with the iron core in 
the centre and containing the magnetising coil. 
This is a circular electro- mag net, and the poles are 
constituted by the two iron cylinders fixed to the 
two extremities of the core. 'I'iiey must, in conse- 
quence, be separated by a space of several milli- 
metres at the middle of the bar. In this case the 
electro-magnet can revolve on its armature, always 
acting upon it by its two poles, which is sometimes 
very useful. Tliis arrangement, first conceived by 
Nickles, has often been made use of in electrical 
applications, and even in electromotors, as we shall 
see later. The preceding electro-magnet, deprived 
of the cylindrical covering and retaining only the 
iron rings where they are fastened, is called a 
circular electro-magnet with iron rings, and is often 
applied in the same cases as the other, if the arma- 
ture is broad enough to unite the two rings. Sume- 






times instead of two tings there are three, as shown 
in Fig. 12, This arrangement has also been em- 
ployed with advantage as a horse-shoe magnet, but 
then the rings act only as iron pole pieces. Fig. 13 



ia an electro-magnet of this description. There are 
aleo many other arrangements of electro-magnets, 
such as those in Pigs. 14 and 15, by means of which 
circular plates are magnetised, as in Fig. 14, or so 
Fio. 14. Fio. ITi. Fio. l(i. 

I; M § 

as to create north and south poles at difft^rent points 
of their surface, as in Fig. 15 ; but as these electro- 
magnets are little used, we will say no more about 
them now; we will only explain that all these 
electro- magnets may have their poles prolonged or 
fitted with iron pole pieces. We shall have occasion 
to speak of the advantages and disadvantages of these 
different forms, hut we will first say a few words ou the 
manner in which their armatures should be arranged. 
The armature of an electro-magnet may be parallel 
or at an angle with the line joining the poles. In 
the first case it is sustained by rods or levers which 
work it parallel to this line. In the second case it 
J8 pivoted at one of its extremities so as to be very 
near one pole, and at a distance from tlie other. It 
may even be worked by a pivot on the nearer pole 
itself and constitute an expansion of this pole. We 
shall see directly that the electro- magnetic effects 
are infinitely slronger when the armature is acted 
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12 Electricity as a Motive Power. 

on by botb poles thau by only one, and this ia why*3 
horse-shoe magnets are generally preferred ; but the^ 
same advantages may be derived from a bar electro- -^ 
magnet by bending the armature, and so arranging 
it as to be able to move before the two magnetic 
polea, as shown in Fig. 17. The same sort of attrac- 
tion may also be obtained with a straight armature 
and a bar electro-magnet fitted with iron pole pieces. 



Fio. 17. 
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Lastly, an attractive action may be obtained by 
placing the armature between the two poles of an 
electro-magnet, so that the line of the poles and the 
asis of the armature pivoted in the centre form an 
X, as in Fig, 18. 

But one of the arrangements most used in electro- 
motors is that based on the direct force of magnetic 
axes, which tends to set an armature moving 
parallel and tangential with the poles of an electro- 
magnet in a line coinciding with the polar axis, as 
will be seen in Fig. 19. A longer attractive stroke 
is thus obtained, but the action is not so powerful. 
This same action may be obtained with a straight 
armature pivoted between the poles of an electro- 
magnet, if these are enlnrged and hollowed out, as 
shown in Fig. 20. Polarised armatures are often 
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employed; and as they would rapidly become de- 
magnetised if they were made of steel bars maj;- 
tietised, and as the attractive action ia stronger with 
inm than with steel, they are polarised by putting 





thejn in contact at one end with a powerful per- 
manent magnet. Cecchi, Siemens, de Lafollye, 
d'Arlincourt, etc., have eons true ted some very 
ingenious magnets on this principle, which have 
been very largely employed in instruments of pre- 
ciaion ; but we only refer to them here in passing, as 
tliey have never been used for electromotors, The 
same may be said of Hughes's magnets, in which the 
iron cores, being fixefi to the poles of a very power- 
fal permanent magnet, are always magnetised, and 
only act when temporarily demagnetised by the 
action of their bobbins, thus being of very delicate 
action. Polarised armatures have also been used by 
making them of straight electro-magnets; but this 
means has ael'lom been applied except in telegra,^h"j. 
.^E*i*wflM& — Of itU the properties ot eWjXxvi «sn- 
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rents, that which has been moat applied is the 
attraction exercised by a solenoid on a bar of iron 
fitting loosely inside the coils. Under the inflaence 
of the magnetic action developed in this bar by 
magnetisation, an attraction of parallel currents is 
produced between it and the coils of the solenoid or 
bobbin which t«nds to draw the bar into the bobbin 
until the two extremities of the bar correspond with 
those of the bobbin. By this means a considerable 
stroke ia obtained, which may be still further 
increased by partitioning the bobbin, as Page and 
Marcel Deprez have done, and getting several enc- 
cessive actions. We shall notice later an important 
application of this arrangement 

Fig. 21. Fig. 22. Fio. 23. Pio. 24. 

This action may be still further increased by 
adding iron rings to tlie two ends of the bobbin, as 
shown in Fig. 21, because the attraction of theso 
rings is thus added to the action of the parallel 
currents. 

By filling half the bobbin with an iron core, as in 
Fig. 22, it is made an electro-magnet, and its action, 
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added to the attraction of the solenoid in -the first 
half of the bobbin, greatly increaaea the effect. 

The same principle may also be adopted for two 
bobbine placed alongside one another, aa shown in 
Fig. 23, when the electro-magnets become horse-ahoe 
magnets, whicli increases the strength of the action. 
In il'ig. 24 is represented an electro-magnet armature 
which consists of a bar electro -magnet with expanded 
flat poles capable of being fitted before the [wles of 
an electro-magnet. 

Bare Wire Eleetro-magneis. — For a long time it 
was thonght that the coila of electro-magnets must 
be eonatructed of copper wire perfectly insulated witli 
cotton or silk ; but Carlier proved, in 1863, that 
those made of perfectly clean copper wire without 
covering were just aa good ; it waa only necessary to 
be careful that the different layera siiould be well 
separated by pieces of paper. Good electro- magnets 
may be thus obtained which are as powerful aa others 
when the current employed is not of very high ten- 
sion, and they possess the advantage of furnishing no 
appreciable extra-currents. These electro-magnets 
are, however, somewhat difBcult to construct. At the 
Klectrical Esbibition of 1881, an American inventor, 
de Dion, exhibited electro-magnets of this description 
constructed with oxidised copper strips, which were 
remarkably powerful. We are surprised that con- 
structors have nut employed such electro-magnets to 
a greater extent. 

Complex arrangements of Eleciro-magnets. — Besides 
the combinations of electro-magnets of which wo 
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16 EJedriciUj as a Motive Power. 

have just spoken, an attempt has been made to 
increase their power and rapidity of action by special 
arrangements of their armatures and magnetic core. 
Among these arrangements we will mention that in 
which the magnetic core is composed of cylindrical 
iron tubes one ioside the other, each wound with 
magnetising coils of various thicknesses, the ends of 
all the coils being connected. These electro-mag- 
nets are then called multiple cored, and have been 
used in several diOereat ways by Camacho and Cance, 
who have obtained very good results from them. 

In Camacho'a arrangement the cylindrical cores 
consist of iron tubes riveted to the cross-bar of the 
electro-magnet, and are four or five in number, 
besides a central solid iron core. The coils wound on 
these tubes are not generally very deep, except the 
outside one, in which there are more turns than in all 
the rest together. They are generally joined up in 
series, that is to say, so that the current goes through 
them all in succession. In Cance's arrangement 
these cylindrical cores consist of a large number of 
iron wires laid close together on and across each coil, 
which are pressed as closely as possible against the 
cross-bar so as to establish a magnetic contact 
between that and this iron covering. It will b*, 
understood that these electro -magnets are as easy tt> 
construct as ordinary ones, since these small rods of 
iron may he applied to the different layers in propor- 
tion to the length of wire wound upon them, and for 
this there is no necessity for the magnetising coil to 
he broken at each tubular core thus formed- 
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The advantage of these arrangements, from a 
scientific point of view, ia that the residual magnetism 
is consideiably dimiuished by the subdiviaiou of the 
iron mass into a large number of diminutive indi- 
vidual magnets, which are much more rapidly mag- 
and demagnetised than a single mass. They 
also exert a greater force in consequence of the 
mutual actions of the tubes on each other. 

For the same reason armatures composed of thin 
iron plates are advantageous. Camacho and CLutaus 
have constructed electromotors on this principle, 
which were very snccessful in their time. 



LAWS OP ELECTRO-MAaNGTS, 

The first data, a knowledge of which is necessary 
in considering electric motors, are the laws of 
electro-magnets, and they may be summed up aa 
follows : — 

1st. The force of an electro-magnet, or its mag- 
netic moment, is proportional, for a given arrange- 
ment and circuit resistance, to the intensity of the 
current, and for a like electric intensity, to the num- 
ber of turns in the magnetising coil. But when the 
electric intensity and the number of turns in the coil 
remain constant, the dimensions only of the electro- 
magnet being varied, this force is proportional to the 
square root of the diameter of the iron core and 
to the fourth root of its length; so that when all 
these quantities are variable together, the magnetic 
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moment is found when all the values are multiplied 
together. 

2nd. The attractiye force exerted between an 
electro-magnet and its armature by reason of their 
mutual action on each other is proportional to the 
squares of all the quantities just mentioned. 

If the formulae representing these values ore 
examined mathematically, it ^vill easily be seen tbat 
they are snsceptible of maximum, and the conditions 
necessary in order to attain this maximum may he 
established : first, with reference to the resistance to 
be given to the magnetising coils ; secondly, with 
regard to the proportion which should exist between 
the depth of the coils and the diameter of the core; 
thirdly, with reference to the length of the iron core : 
and these conditions of maximum may be stated in 
the following manner :■ — 

1. For electromagnets of the same dimensions 
having bobbins of the same diameter, the best sized 
wire for the coils is that which will give an equal 
resistance to that of the exterior circuit, at least 
when taking into consideration only the metal wire 
without its insulating covering. 

2. If we take into consideration the thickness of 
this covering, the best coil is that of which the 
resistance nil! be to that of the exterior circuit aa 
the diameter of the hare wire is to that of the same 
wire with its insulating covering. 

3. Between several electro - magnetic bobbins 
wound with the same wire but having a different 
number of turns, that will furnish the best lesultB 
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given circuit of resiBtflnce, of which the reai'st- 
Dce is to the exterior circuit as the depth of the 
oils added to the diaaieter of the iron core is to 
hat of the coils alone ; 

The best depth of coil for a given number of 
nrna is that wbich eciuaU the dianieter of the 
agnetic core ; 

5. The most advantageous length for the tnag- 
letic core is eleven times its diameter ; which 
means practically, that each arm of the eleetro- 
maguet should be six times the length of its 
diameter ; 

6. If there are branch circuits, the resistance of an 
electro-magnet introduced on one of these branches 
^ould equal the total resistance of the exterior 
circuit including the other branches taken inversely 
— ^that is to say, as if the electro-magnet and the 
ibattery had changed places ; 

7. The calculations that may be deduced from 
these various laws and the formulse leading to them, 

,^, „^ to establisli the following principles, which 

■are of great importance in electric applications : — 

I I. — For equal resistances of circuit, the diameter 
of an electro-magnet in maximum conditions must 
he proportional to the electromotive force of the 
battery employed. 

XL — For equal electromotive forces this diameter 
jnuat be in inverse proportion to the square root of 
ithe resistance of the circuit, LadudlDg that of the 
battery. 

nL — For equal diameters, the electtomoti^ft 
1 
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forces muBt be proportional to the square roots of 
the resistance of the circuit. 

IV. — For a given magnetic force, and with electro- 
magnets tinder maximum conditions, the electro- 
motive forces of the exciting batteries should be ' 
proportional to the square roots of the resistance of 
the circuit. 

These laws have been demonstrated and proved in 
a small book published under the title of 'Deter- 
mination des Elements de Construction des Electro- 
aimants,' by M. Th. du Moncel* They are, however, 
only true for electro-magnets attaining a suitable 
magnetic saturation. "When this is not possible, 
either in consequence of their too great size or the 
shortness of time during which they are acted upon 
by the current, it is different; and the resistance 
of the magnetising coils should then always be less 
than that of the exterior circuit, in proportion to the 
length of time during which the current acts. 

To apply these different laws to the constraction 
of an electro- magnet, we first commence by finding 
out the diameter a of its magnetic core by means of 
the formula 

c = -J -0159, 

in which E represents the E. M. F. in volts of the 
battery, K the resistance of the exterior circuit in 
ohms ; the figure obtained is io decimals of a metra 
Knowing c, we at once have the length of each arm 
of the magnet, which is 6 c, or 12 o for the two, and 
• Tianalated and edited in Eaglish by C. J. Wliatton. 



the diameter of the wire of the helix is obtained by 
means of the formula 



V/x/S" 



in which / is a coefficient which for electromotors 
is 1"4. It expresses the ratio existing between the 

diameter g of the covered wire and the diameter -" of 

the wire naked. The length H of this wire will then 

be given by the formula !— -^-^^ — , and the total 



nnmbera thus obtained are, as before mentioned, in 
metres or fractions of metres, with the exception of 
that referring to the number of turns of the wire, 
which, of course, is an abstract number. 

Although in such an elementary work as the 
present algebraic formulse should as much as pos- 
sible be avoided, we have thought it better to give 
these very simple formulas on account of the great 
assistance they might give to those going more 
deeply into the matter. 

There are also a great number of data for the 
satisfactory construction of electro-magnets given in 
the work already mentioned, of which the following 
are the heads: — 1st. The conditions of force in 
respect to exterior actions affecting the electro-mag- 
netic organs. 2nd. The conditions of force in 
respect to the form and arrangement of the arma- 
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ture. 3rd. The conditions of force in respect to the 
mass of the magnetic core. 4th. The proper 
grouping of the cells of a battery in respect to a 
given exterior circuit and electro-magnet. 

The conditions of force in respect to exterior 
actions tending to increase the power of a magnet 
may be summed up on this principle : that if the 
magnetic power of one of the poles of an electro- 
magnet is abnormally increased^ either by the 
proximity or the contact of a mass of iron, the 
attractive power of the other pole is also greatly 
increased in proportion as this mass of iron is large 
and of considerable surface. It results^ then, that a 
bar of iron, furnished at one extremity with a short 
coil, exercises at that pole a more powerful attractive 
force than if the same wire were wound on the whole 
length of the bar. This property may often be 
utilised in electric motors where straight electro- 
magnets are used, and explains why a magnet with 
two arms, and only one covered with a coil, is as 
powerful for a similar resistance of helix as an 
electro-magnet of similar dimensions having two 
coils. 

The conditions of force in respect to the form and 
arrangement of the armature may be thus formu- 
lated : — 

1st. The attractive force of any electro-magnet is 
greater in proportion as the surface of its armature^ 
which directly receives the magnetic influence, is 
extended, as it is thus brought into better relation 
with the magnetic energy of the electro-magnet. 



■itid. It follows that the attractive force of a horse- 
^e electro- magnet at a distance is greater with a 
F**Sm-shaped armature placed lengthwise before the 
P'^ies, than with the end presented, although the 
^Verse is the case when the attractive force is 
^erted on contact. For an attraction at a distance 
•Iq effects produced may be in the proportion of 59 

3rd. Armatnrea moving at an angle with the line 
"tf the poles of an electro-magnet, i. e. working on a 
joint near one of the poles, are much more effective 
than armatures moving parallel to this line or fitted 
omsa-wise to a rocking lever. This advantage is 
especially noticeable with the one-legged electro- 
magnets, and the force varies in the proportion of 
125 to 64. 

4th. Prismatic armatures are attracted in propor- 
tion as the surface ia extended, but the form of this 
surface has an immense influence on the attraction, 
on account of the mean distance of all the points 
which are under the influence of the magnet, which 
distance may vary very much with this form. Thus 
a cylindrical armature of the same surface as a 
Bqoare one is attracted with much less force than 
tke latter, in the proportion of perhaps 85 to 44. 

5th. In like manner the lateral attraction of an 
electro-magnet whose ends protrude a little beyond 
the bobbins is infinitely less than the normal attrac- 
tion, i. e. that in line with the axis of the poles, in the 
proportion of 33 to 18, 

6th. Armatures formed of permanent magnets do 



( 



1 



24 Eleclricity as a Motive Fower. 

not inerease the attraction except at a distance, anC 
when moving parallel to the line of the poles. Idi 
other cases the reverse obtains, as the magnetic actiooi 
on steel 19 much lees than on iron, 

7th. The attractive force obtained by a momentary" 
dosing of the circuit for a similar distance is greatef" 
than that obtained by the same current continuously 
applied in the hope of overcoming the resistano& 
This is on account of the vis viva and of the effects of 
polarisotion of the battery. The proportion of these 
forces is as 136 is to 95. 

8th, When the attractive force of an electro-J 
magnet is divided over several armatures, the total 
attractive force ia increased, but the individual force* 
of each is diminished in proportion to their numberJ 
This increase, however, is only shown up to a certaiaj 
limit, which is attained when the mass of thtf 
armatures equals that of the electro-magnet. j 

9th. The attractive force of an electro-magnet and! 
armature which have never been used is greater fop a 
given electric force than that of the same magnet 
and armature after being strongly magnetised, and to 
obtain from the same magnet and armature a nearly 
equal force to that first obtained, the current must be 
reversed ; still, this greater strength b then only to 
be found on first closing the circuit. 

10th. The attraction at a distance is less, whea 
from some cause the first closing of the circuit has 
not been followed by a complete attraction of the 
armature; this is explained, as also the preceding 
result, by the effect of the residual mE^etism. 
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11th. The repulsive force developed by eleotpo- 
tnagnets on a magnetised armature is very far from 
corresponding with the attractive force which may be 
obtained by reversing the poles of the magnet. This 
fact, recognised in the earliest researches on mag- 
netism, and fully investigated by Mussembroeck and 
the Abbot NoUet, is explained by the fact of the 
magnet acting inductively, thus tending to develop 
in the armature a polarity opposite to itself. In at- 
traction this influence increases the result, whereas in 
xepnleioQ it has the contrary effect. 

12th. When the iron cores protrude beyond the 
ma^etising coils their strength is diminished, but if 
iron plates are fitted round the cores, the attractive 
Jorce is increased, and the maximum effect is ob- 
tained when the distance between the two rings is 
«bout a quarter of the distance between the poles. 
rrhis is occasioned by the greater attractive surface 
presented, which then nearly corresponds with that 
of the armature. 

13th, According to the experiments of Dub, the 
"best results are obtained when the different parts of 
the electro -magnet (arms of the magnet, breech, and 
armature) are equal in mass. 

14th. This conclusion is of course subordinate to 
the conditions of application, for it is certain that if 
we wish to obtain a quick movement of the armature 
we must have a light one ; but we may make up for 
it by providing the poles with iron rings. 

The conditions of force of electro-magnets in 
respect to their mass may be summed up in this : 
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that the interior parts of the magnetic core are very 
often uselcBB as regards tlieir attraction, provided 
that tLey present the same exterior surface. Thus a 
magnet with tubular cores will be as powerful ae one 
with solid cores, if the ends of the tubes are fitted 
with iron stoppers of the same thickness as the tubes. 
This thickness also depends on the electric force em- 
ployed, for the depth of iron magnetised is greater 
the more powerful the current is. ; 

As the residual magnetism is in proportion to the 
mass of the iron, great benefit is derived, if rapid 
magnetisation and demagnetisation is required, in 
using hollow cores with iron stoppers, and this ad- 
vantage is the more marked in proportion as the 
interruptioDS of current are more rapid. This is 
why electro-magnets with multitubular cores are so 
advantageous, but in this case the iron stopper is not 
required and is even prejudicial. 

The effects of residual magnetism must be distin- 
guished from those of condensed magnetism ; the 
former is occasioned by the impurity of the iron, 
which gives it a power of retaining its magnetism in 
the manner of permanent magnets. The latter is 
caused by a principle similar to that shown in the 
Leyden jar, i, e. that polarisation of the molecules, 
having been developed in conditions of equilibrium 
by means of the magnetising action, is maintained 
even after that action has been withdrawn, in conse- 
quence of the reciprocal eflects of the opposite 
polarities in proximity to each other. It results from 
this, that on an electro-magnetic circuit being closed. 
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a pait of the mfignetism is bidden, and can oaly 
become free on the parts of the magnet being 
separated, or on opposite magnetisation being 
produced. 

The actions of magnets may further be static or 
dynamic. They often act side by side, but sometimes 
in opposite directions. The effects of attraction are 
generally static, more or less nearly resembling elec- 
trical effects, and originate in an action which tends 
to displace the axes of the molecular polarities and 
set them in a state of equilibrium in respect to the 
effect produced. The magnetic poles are the centre 
of action. The dynamic effects are the properties 
excited in the magnetic solenoid, which, according to 
Ampere's theory, should cover the magnetised core 
lite an electric spiral. The centre of this action cor- 
responds with the neuter line of the core, and the 
effects produced are of similar nature to those caused 
by parallel currents through wire coils. Currents 
induced by magnets belong to this class, and express 
the external action of the magnetic current, which 
action may take place in all conducting bodies. It 
is the same with polar static action, but may differ 
according to the nature of the bodies which, according 
as tbey are magnetic or diamagnetic, are attracted 
or repelled. 

The best arrangement of the cells of a battery to 
act on a given electro-magnet with a maximum 
result is obtained by calculations similar to those 
laid down for ascertaining the beat conditions for the 
constmctioD of the electro-magnets themselves, and 
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they may be summed up hy saying that the battery 
should always be eo arranged that its reaistance 
should equal that of the electro-magnet or of the 
exterior circuit. If we take h as the number of cells 
arranged for quantity in each group, a for the num- 
ber of groups joined up for tension, we shall find the 
number b of cells in each group by dividing the total 
resistance of all the cells of the battery n by 4, 9, 
16, &c., Bueeessively, and finding which of the num- 
bers thus obtained ia the nearest to the given resist- 
ance of the exterior circuit. The figure of the 
correapondiog divisor, whether 4, 9, or 16, indicates 
the square of the number of elements for quantity 
in each group, and the number of groups ia 
obtained by dividing the total number n of the 
cells by that of those ariauged for quantity in each 
group. 

When the electric generator and the electro- 
magnet are undetermined, the useless resistance of 
the circuit settles what has to be done, and by use- 
less resistance is meant that of the wires connecting 
the generator to the electro-magnet. If this is 
slight, as is the case with small electromotors used in 
private houses, it is eclipsed by that of the electro- 
magnet, and it may then be supposed to be con- 
nected by a wire thick enough to necessitate the 
grouping of the cells of the battery in parallel. The 
best arrangement for the battery may then be dis- 
covered by means of the directions given above ; but 
if the useless resistance of the circuit is compara- 
tively high, as great or greater than that of the cells 
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joined up for tension, no calfiulation is necessary, 
and the cells must always be juined up for teiiaion. 

This last arrangement of the battery is generally 
preferable, for the smaller quantity of electricity is 
compensated by a greater number of turns in the 
coils, and the battery is less quickly consumed. On 
the other hand, there is more to fear from the 
sparking of the extra current, and the commutators 
are more quickly deteriorated. This is evidently a 
question to be left to the judgment of the con- 
structor, but the best way is to use wires of 1 to 2 
millimetres in diameter for the electro-magnetic 
coils. 

MEAMS EMPLOYED TO DIMINISH THE DETBIIHESTAL 
EFFECTS IN ELECTliO MOTORS. 

Aa we have already seen, the principal difficulties 
met with in the construction of electi-omotors are : 
let, the destructive effects of sparking on the com- 
mntators ; 2nd, the short attractive distance of the 
electro-magnets; 3rd, the current induced by the 
motor which operates to the detriment of the useful 
currents ; 4th, the residual magnetism which offers 
a resistance to the motion of the machine when it 
should be free ; and 5th, the slow magnetisation 
of large electro-magnets, resulting in only their 
minimum I'orce being usefully employed. Many 
ways have been proposed to overcome these diffi- 
culties, but were only very imperfectly successful 
till it was discovered that continuous current induo- 
tioD machines could be utilised as motors, which 
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being reversible, are pretty nearly perfect. The 
consideration of these latter machines will form, as 
we have said, the subject of the second part of this 
work, and we will here confine ourselves to tha meaiia 
used in the early electromotors. 

Means employed to diminish the effeds of Sparjcing 
on the Commutators. — To obtain from an electro- 
magnet the alternate magnetisation and demagnet- 
isation necessary to produce a mechanical effect, the 
electric current passing through it must necessarily 
be made and broken by means of a special arrange- 
ment, called a contact-breaker, or commutator, ac- 
cording as the effect ia simple ov accompanied by a 
reversal of the magnetisation. The question is con- 
siderably complicated by the introduction of electro- 
magnets into a circuit, because of the induction 
spark resulting from the action of the turns one on 
the other, and the action of which is always more or 
less destructive to the metal strips making the 
contact with the commutators. In fact, however 
slight this sparking may be, it always in course of 
time oxidises the contacts and considerably increases 
the resistance of the circuit of the electro-magnet. 
If it ia much, as ia the case with currents of great 
intensity, not only the contacts are oxidised, but the 
metal of which they are composed is burnt and spoilt, 
and the commutator is soon rendered useless. Where 
contact is made by hand and the current of low 
intensity, it will be sufficient to clean the oxidised 
points of the commutator from time to time, and to 
bear forcibly upon it; but if the commutator is 
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worked by a mechanical contrivance driven by the 
electro-magnet itaeli', as in electromotors, it is qiiito 
another thing, and measures must be taken to avoid 
the disastrona effects which may follow. 

To avoid these inconveniences many ways have 
been proposed, which may be considered from two 
points of view — that of the mitigation of the spark of 
the battery itself, and that of the sparking of the 
extra current arising from the intervention of the 
electro-magnet, which considerably increases the first 
by conjunction with it. 

The earliest method employed to weaken the 
sparking of the battery was to divide the current on 
the commutator, and in consequence, instead of 
makiog the commutator of two single pieces of 
metal, a number are employed, connected to the con- 
ductor of the current by means of ramifications, 
which should have about the same resistance, so that 
the current does not pass more freely at one .contact 
than at another. This plan, often employed by 
Froment, had also the advantage of furnishing better 
contact, for if one, from any cause, were bad, it would 
be more or less made up for by the others. It is this 
consideration which has for many years led to the 
use of brushes of metal wire, which are now employed 
in nearly all induction machines and electric 
motors. 

Although, howevep, the direct sparking from the 
battery was thus weakened, this means was inaoffi- 
cient to destroy the effect of the extra current, and 
combinations which would solve the problem from 
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this point of view were sought. At one time there 
was an idea of introducing on a branch circuit a con- 
denser of great extent, as had been done for the same 
purpose in the Buhmkorff induction coil ; then, re* 
turning to Ampere's primitive commutator, contact 
pieces were tried made of platinum amalgam and 
bars of platinum dipped in liquid of low conductivity, 
such as alcohol ; but these methods, though suitable 
for induction machines like Buhmkorff coils, were not 
satisfactory for electromotors, and it was necessary to 
discover a more satisfactory solution. 

One of the most simple was employing electro- 
magnets with bare wire arranged on Garlier's plan, 
of which we spoke on page 15. In these electro- 
magnets the contact of the turns is imperfect enough, 
as we have seen, to impede, to a certain extent, the 
spreading of the voltaic current through the mass of 
the wire of the bobbins ; but it is not enough so to 
obstruct the derivation of the extra-current, which is 
of higher tension, and this is, so to speak, cancelled by 
its closing on itself. We are surprised that this 
simple method is not more frequently employed, for 
it is very efficacious. 

This plan of destroying the extra current has also 
been employed in another form, in the arrangement 
represented below, which was originally contrived in 
1855 by Bering, Here the interruption of the cur- 
rent does not take place on the wire connecting the 
electro-magnets direct to the battery, but on a shunt 
joining the two ends. These electro-magnets must 
then be of high resiBtanee, eo t\i^\i \Xi^ <!.\&xrent 
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^vitiing between the sliunt circuit where the com- 
mutator is placed and that of the electro-magnet, 
PasBea more freely along the short branch circoit 
when it is closed by the commutator, than along that 
^^ the electro-magnet which offers more reaistance. 
In Pig. 25 the electro-magnets are at C B, the branch 
circuit is a F E, and the battery at D A. When the 
^*^entric part of the commutator F is presented to 
^^& contact epring, the current passes through the 
•circuit A E F G D, while if the contact is broken at 
* it passes through the circuit A E B C GD ; and as 
One or other of the circuits is always closed, the 
'Parting becomes leas dangerous. 




AJthough by this means the current passes almost 

^^'lipletely through the branch circuit EG, yet a 

,^8.11 portion nevertheless goes through the circuit 

*i C G and tends to reinforce the residual mag- 

^^tism which ia so detrimental to the mechanical 

Properties of electro-magnets. To prevent this 

"•Ranching, the arrangement in Fig. 26 has been con- 

^^ed, which is rather more complicated, and which 

"•^ta as a real interruption to the current. An inspec- 
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tioti of tbis flf^ure will be Bunk'k'nt to fixplniD it* 
niod<3 of action. Wo niuitt, liuwvver, say that all 
these plans are difUeult U) apply. liociiuHe of the high 
resistance necoBHary to be given to the coiU of the 
electro-magneta. 

The arrangement of tlio bniRhes in the comtnn- 
taturs of eleclro-magnots niiiHt aluo bn considered 
many formn have betrn employed, from the cylindrical 
or conic roller to the poneil or brash composed of a 
bundle of metal wires, of which we have already 
spoken. The laut plun is ucurly alwuyK reverted to, 
because among so nmny c^>tituetB there are alwayf 
sure to bo some good. Ilesiflex, they divide the 
spark, aro less quickly worn away than simpla 
divided plates, an<l tboy may easily be so arranged 
that they can be drawn out as required when worn 
away. 

Method»for inoreoBtng the distance through whidk. 
the aCtradion mia. — One of the greatest difHcaltiei> 
encountered in the application of electro-niognetisoi 
as a motive power, is the excesFiive shortneHH of th* 
stroke made by the parts Bubjected to the elTect^ of, 
electro-miignotic attraction ; and it lias for a long; 
time been a subject of consideration, how to increate 
the length of this stroke, whether by mechanical or 
by electrical means; this luiit been more or lent 
accomplished in several ways, which we will rapidly 
review. 

As the attractive force deoreasos with the distaoofl 
nearly aa the square of the distance or even moH 
the Siat cuuBiderutiou was how to profit by this n] 
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of feroe ao ia to iocrooM tlia play of tho 
parta. For tbJa it waa Mufflt-iont tti nrnlu 
tam of the o]«ctro*nuigneta raoct tiptm the 
iplojed to tranafonn the moTemont by 
of long leren. \» the weakeniag of force 
tlie lengthening of tbeao luvera waa much laaa 
Umb the weabeiiing of the attraoUoD b; roaMU of 
the gKat«r dialAoce from tlie amutore, tho remit 
tbAt tbia diatanne might be leanened, at the 
tune fumiahing a biir Inngth of meolianical 
Berer&l diaadrantagm, however — among 
of itroke, in otrnaeqaence of the play 
iroU of (be leren, the bending of thofe 
the LDoqnality of the attractive action. 
iMobed ita mosimnm juat when it sliuiil'l 
tbia plan for inoreiwing Dk; atruku ol' 
the amatare in elwtromoton to \to given up. An 
•ttanpt waa then madn to caoae thn attraction to a^X 
dinetly on the driviag abaft by providing it with 
«A4nm platm^ tuut arranging rf>und it a certain 
iOBbcr of cicelra-niagiitita, mi I hat thn airrnnt cir- 
(ditii^ in tbem raccMiivoIy, and briuging them 
i«j doae to the annatuFcs, the atlrautioti wua 
■wted at a ^lort diitaneo. Farther, a mvolvinx 
vU waa made to more in a apace anrroumled by 
Aetm-magneta ; and tbia wheel, in jraaaing from 
<■• rieetrt>-magnet to another, acted on a crank 
hA to lb» driring-ahaft Itut in tb«M arronge- 
>Mi thuro were ^ao many drawbavka, owing, 
fat, to tlie tito great rapidity of ibo commutatioa 
eanmt, wbicb pmrimt&d th» alocUomaiE^elU 
t> ^ 
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from attaining their maximum force ; secondly, M| 
the formation of strong induction currents, whiOT 
acting in the contrary direction to the workiDI 
current, weakened its action ; and lastly, to tl* 
effects of residual magnetism, which was a cousided 
able impediment to the working of the motor. 

Following these different arrangements of eleetr' 
magnets, it was suggested to substitute for them tJ 
dyuamic effects of currents, particularly the attr*» 
tion of iron cylinders inside magnetising coils. J 
this way residual magnetism was avoided, and. 
better attractive stroke obtained ; but the sli^ 
energy of this force was deceptive to those who fi^ 
tried this arrangement. It was the same with t^ 
propelling force of electro-magnets, by which tV 
armatures, moving at an angle to their poles, weS 
attracted till their axis coincided with that of tt 
electro-magnets. By this arrangement, as much S 
14 centimetres of attractive stroke could beobtaineJ 
but the power was reduced, with respect to th: 
normal attraction, in the proportion of 33 to 6. Thai 
several natural philosophers tried to take advantagi 
of the considerable increase of the attractive force ii 
proportion as the armature approaches the electro 
magnet : either to increase the initial attractive force 
by making it uniform, or, by means of mecbanioa 
appliances, to lengthen the stroke of the armature. 

We shall not describe in detail these contrivance^ 
the most important of which are those of Houdin anc 
Proment, for they have scarcely been applied except 
in clockwork and in some electric instruments o1 
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A complete description of them is given 

' L' Expose des Applications do rElectricit^ ' ; we 

''ffl only aay that in Houdiu's distributor, shown in 

^'g' 27, the armature acts on the parts to be moved 

°y Weans of two bent levera resting one on the other, 




*^*i arranged so that their point of contact is varied 
*^ the armature falls, and the power is exerted on 
''^e arm of a lever becoming shorter and shorter in 
"^ ratio of the squares of tlie distances through 
*tieh the armature successively moves. Therefore, 
^lien the armature is at its furthest point from the 
'^"ignet, the attractive force acting at the end of a 
long lever is considerably increased ; whereas when 
'■he armature is close to the magnet this force is con- 
siderably diminished in consequence of the arm of 
"IS lever being very much shorter. As this diafri- 
uution of the power takes place in inverse proportion 
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to the attractive power itself, a mucli greatf 
more UDiform stroke is obtained than in the on 

arraDgements. 

In Froment's distributor, shown in Fig. 2i 
armature is suspended from a sort of crank work 
a lever pivoted to a 
centre, and the lever, i 
on the parts to be n 
itself works on the 
where the two rods 
it follows that if thesi 
are so adjusted that 
form an angle whei 
armature is at its gr 
distance from the m; 
the two pieces in straif 
ing as the armature 
traded describe at 
pivot, and consequent 
motive lever also, a i 
which is equivalent to the sine of the arc, whil 
attractive distance is equal to the versed sine, 
is thua a longer stroke obtained, as also distril 
of the force, for as the lever straightens the 
developed by the magnet must iucrease considi 
in power, to produce an equivalent mech 
effect. 

A small application of this arrangemen 
applied in Roux's motor, which we will s 
describe. 
We must mention Pellis and Henry's an 
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ment for lengthening the attractive stroke of the 
armature, which seems a modification of that of 
Hjorth, and eonsista of employing electro-magnets, 
^ sliown in Fig. 29, with conical poles acting on 
armatures in the form of funnels into which they are 




spreseuted 
y the space separating the inside of the hollow 
*^ature from the conical pole, which distance 
^^^I'eases in proportion as the armature is drawn in, 
'^d the more pointed the pole, the longer is the 
^'oke. A similar effect is obtained by making the 
*^ature in the form of a wedge, and arranging it 
^tfteen the poles of an electro-magnet bevelled to 
^ it. We shall speak later of Froment'a motor 
'^'^ded on this principle, 

In a motor contrived by Perrin, the iron core of 
,•^6 electro-magneta consisted of a sort of chain of 
^on cylinders (Fig. 30), joined by long links which 
"^Bld them together one above another. This chain, 
•^ing placed inside a magnetising coil, contracted 
imdei the influence of the electric current in the coil 
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i tk m M inmiid aAniiMl n^oetintian of tb 
CT^iBdas ; a^ as As anMba- of attnetioDs eqiuOle 
that of Ae ejimdo^ a contnetkn eaali thns I 
oNaJbwd «oneqKnding to tli 
Mtt of an the qweoB betw^ 
tike cyliDdet& Of coarse th 
greater kagtli c^ stroke con] 
omt;' be ofatatned at the co 
of the dn^io-magDetio fbn 
derdi^ied, for these shoi 
crtiDdos coold hare no gtei 
magnetic (bree. 

iraAocb flnplojwd tomMgai 
dm f§id» of th» aafra otrreK 
— It being impossible to en 
tiidy aroid the extta cnrren) 
created id electro-magnetH 8 
the momoit of makiDg and tweaking ooQtaot, a 
attempt has baea made to oonntentot their dettj 
mental effects by eecondaiy means. D'Arlinooon 
Lenoir, and Billet proposed seTeral ways of doing thii 
whioh, thoDgb solTing the ptoblem only very incom 
pletely. especially for electromotois, are worthy o 
notice. In Lenoir's anangement the electro-mague 
is covered with a second coil of fine wire, fumishin) 
indoced currents, which, passing thiongh the win 
of tiie electro-magnet in the opposite direction to thi 
exciting cnrteot, at the moment of breaking contact 
caoaes the demagnetisation to take place mort 
promptly and rapidly. D'Arlinoourt's arrangemen' 
vaatilar to this, and aeema evea to have preoedec 




it. That of Billet ia more compIicateJ, but seems 
scarcely applicable to electromotors, for the coila of 
the electro- magnets are wound in opposite directions 
from the centre of the bobbins, and are joined one 
bobbin to the other where the change of winding 
tahes place. One pole of the battery is connected 
by two wires to the two ends of the wire of one of 
the bobbins, and the other pole corresponds to the 
two ends of the wire of the other bobbin ; the result 
of the circulation of the current through this system 
'*«iiig that the magnetisation is prodnced as if the 
"^UiTect came from two different batteries, each 



^ half the electro-magnet in the same 
**i*ection. Thus the extra cnrrenta resulting from 
'**-ia arrangement mutually neutralise each other, 
'ioweyer, an attentive study of this arrangement 
***-owH that the action is only complete for the extra- 
"*liTents of demagnetisation. (See the description of 
~^^«Sfl arrangements in ' L'Expos^ des Applications de 
^ -Electricite,' by Th. du Moncel, vol. ii. pp. 101 and 
'-O2,andvol. V. p. 3J9.) 

Methods employed to diminish ike effects of residual 

^*^*^^ndism and viagnetic inertia. — The means em- 

t^loyed to weaken the effects of residual magnetism 

t*i'operIy so-called, i. e. that due to the imperfection 

*^f the iron, consist in choosing the soilest iron 

possible and remelting it several times, or rather 

Employing certain kinds of grey cast iron, which, 

According to Deprez, are very perfect for this use ; 

but the effects of residual magnetism cau:^ed by 

•M^etic condensation can only be destroyed by a 
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contrary electrical action, and the best way is, im- 
mediately on the breaking of contact, to send a 
feeble current in the opposite direction. A Plants 
secondary cell, composed of two small lead plates 
introduced into the circuit of the electro-magnets on 
Jacobi's plan, solves the problem about as well aa tbe 
contrary induced currents mentioned before. How- 
ever, these methods till now have not been mnoh 
employed in electromotors, and have only been 
applied to telegraphy. There should evidently he I 
trials made in this direction. We have seen, besides* 
that ill employing electro- magnets with the crosS" 
piece divided by a piece of copper, according '^ 
Hoquet's arrangement, the residual magnetism *' 
greatly diminished. 

Aa for the inherent disadvantages of magne"*-* 
inertia, the best plan is to diminish the magne"^^ 
mass of electro-magnets, to employ tubular elect*^*- 
magnets and armatures composed of thin plates * 
iron placed side by side, and to make several slits ^ 
the magnetic cores and the surrounding met>-^ 
surfaces; but the best solution of all is to emplc;^. 
continuous current electro-magnetic motors, as ^ 
the reversible machines of Gramme, Siemens, Me*^ 
tens, and others. 
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HISTORICAL SUMMARY. 

To wbom belongs the honour of having; firat applied 
electricity to work a mechanical motor? This is a 
tnestioQ which it ia very difficult to answer correctly. 
From the electric whirligigs constructed to demon- 
Mmte the action of the electric fluid, either by its 
flofffrom points, like the whirligigs worked by static 
slectricity, or by the effect of BucceHsive attractions, 
8« in Zamboni's dry jjile tourniquet, many scientists 
have endeavoured to utilise in some such way the 
djnainic actions of currents ; especially when the 
powerful force of magnetisation developed by these 
eurrents was learnt. If we may believe the story 
given in the 'Electrician ' of Sept. 9th, 1882, Dr. 
Soiinlthesa promulgated the first idea in a lecture 
M the Society of Engineers of Zurich in 1832, in 
■Huh he asked " if a force, such as we obto.iii b"^ 
^tarnpting the current and establisliiug W a^avo, 
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could not be advantageously applied to mechanics. 
This idea must have borne fruit, for ia January of 
1833 he brought before the notice of the same Zurioi 
society a machine, in which the principle enunciated 
by him waa successfully applied. In Novemberij 
]832, Balvator dal Negro, Professor of Natiir»'| 
PhilosopJiy at the Uuireraity of Padua, also pn^ 
lished an account of means employed by him *fl 
apply electro- magnetism to the motion of machine^ 
Also in 18i54, Professor Jacobi, well-known to t^j 
scientific and industrial world by his discovery ^ 
electro-plating, published the arrangement of *| 
electro-magnetic motor which, after^vards tried ot*-i 
larger acjile, enabled him to accomplish on the Na"^ 
those grand feats which created so much wonder ^ 
1838. The following is what he said in the accou-* 
he published of his experiments: "I had the honoi>i 
in 1831, to present to the Academic des Sciences ^ 
Paris, a paper on a new electro-magnetic apparati^ 
This paper was read at the meeting of December leai 
and an extract was printed in 'L'Institut' of Decew 
her 3rd, 1834.» Since that time Botto aud d** 

• The following ie the estract referred to: — "M. Jaoohi, 0l 
KconigBborg, presented to the Aoad^mie a paper on a maguadi 
engme of IiIb ioventioi], in \Fhicli magnetiBoi is mnployed aa 4 
motive power. The fgllowing ia the description he gives of it : TlH 
apparalUB consiata of two syHtflma of eight bara of soft iron, 7 iif 
long Bud 1 in. in diameter. These two aysteml are placed at ligh^ 
angles, and so arranged on two disca that Ihe ends or poles of the 
bara are apposite one another. One of these discs is fixed, while 
the other revolves on its axis, and the movable bare are thns made 
to paaa aa cluae aa possible before the flied outs. 'I'he sixteen Inre 
are wound witb 320 ft. of copper wire, H line !□ diameter, and the 
ends were in contact with a voltaic apparattu. The vhole mns^ 
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H ^egto" have claimed priority of invention, and my 
H ideas coincidiDg with those of eucb diatinguiBhed 
I men forms a further proof of the importance of this 
W Ugv motive power," 

ifter his first experiments Jacobi fiontinued his 
reaearchen, and in 1838, with funde provided him 
by the Emperor of Kussia, he constructed a large 
machine which we will describe further on, and under- 

moTliiB with n speed of fi ft. per Beoond, givea about 50 lbs,, being 
a omnidernble cu una, Tlie work thuH hirninhed, measured b; an 
fcpptmtns simLlar to the Pronj brake, is equal to a wcitrht oF 10 or 
)Z 111, lIRed 1 ft. per second. This auecoaii a prlopipally <!no to a 
»o*«0 conrtrTretioi) of- the eom mutator, by whioh are worked tho 
Bb^ngH ot polarity, wbieli take place eight timoa in each complete 
tOTololioD : that i» to say, eight times in half or three quarters of 
* aanvd, Ihe nnlinar; apted of the macbine, when Ibe water in the 
<ell It to tittle uci<!ulati.'d that the development of gas ia bardly 

* The following is the description ofBotto's motor, as published 
'» Ui[ Iui:t<a of Deeembcr 3, J834, p. 4(10:— "The mcohanisni of 
*hicb he makes use mniiists in the first phice of a lever worked, like 
thltof ■ metronome, by the altemnte action of two flied elcctio- 
"*P)i*ic cylinders acting on a tliird movable cylinder altuched to 
™lo*rrarm of tlio lover. Tlie upper arm imparta a contiiiDous 
''I'Klu movement to a metal fly-wheel in the ordinary manner. 
""s'pparBtns is so arranged that, the axes of the throe eqaal cylin- 
*•• tang in the same vertical plane perpendicular to the axis of 
""^Mit, tliB nacillatinf; cylinder placiia alternately each of its 
'■trnnlticiH in ooiitact with one or other of the lico cylindi-rs placed 
*■! »oh udo ot it ; and each time at that instant the direction of 
''* >ii«gnelisfDg current in the belli is changed, the rent of the 
'^"'^ nuDtainiiig the same dlrecllon, so (hat poles of the same 
'^'OB Uv produced in Uie fixed maguets and the movable one. The 
"'"'^ of direction Is worked by means ot a lover cpemtod by the 
^"KQent of the machine itself. In consequence of this arrange- 
Wnt the movable cylinder undergoes siuinttaneoua alternate 
'"tDtion and repidsion, whereby the apparatus sets itself in 
'"**. which motiuu is maiutained by (be mngnolio totcc ot 'lW 



Jacdbfs Discoveries. 45 



Electrioily ae a Motive Power, 






took his great experiment of electric navigatii 
Tha boat employed by liim was a ten-oared rowing'' 
boat, fitted with paddle -wheel a rotated by his electroJ 
magnetic machine, shown in Fig. 31. The bosi 
generally carried ten or twelve people, and the 
sometimes lasted the whole day. However, 
difficulties that he met with in the electric general 
and the imperfectiona in the construction of tl 
motor often caused break-downs which it was diffii 
cult to remedy on the spot. However, when th( 
were overcome, Jacobi was able to estimate thfl; 
work produced, and he showed tliat a battery o| 
platinum plates of 20 square feet surface could, bjfi 
this means, be made to develop one horse-poweri 
bat he always hoped to obtain the same result wit 
half this battery surface. The boat, according 
report, went about four miles an hour, being a betl 
result than that obtained at the first trials of 
steam-boats. According to Jacobi, the boat 
28 feet in length, 7 feet (i incheB in beam, with 
draught of water of 2 feet 9 inches. At the exp^^ 
ments in 1859, the machine, which occupied a smaQ 
space, was worked by a battery of 64 platinum cellw 
each having 36 square inches of surface, and chargeql 
on the Grove system with nitric acid and acidulataj 
water. Wlien the boat, with twelve or fourteen peopl^ 
on board, went against stream, she could r 
three miles an hour. If we compare these results 
those obtained in 1838, it will be seen that alrei 
great progress bad been accomplished, 
first trials it was necessary to use a ba1 
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Eto times as large. These details were mentioned 
in a letter written by Professor Jacobi to Faraday 
on Jane 2l9t, 1839, which may be read in the 
'London and Ediaburgh Philosophical Journal' of 



Ihe publication of this letter brought out a letter 
frotD Professor Forbes, of King's College, Aberdeen, 
to Dr. Faraday, dated October 7th, 1839, in which, 
ifishing to obtain the honour for his own country, he 
gave the detailed account of the experiments under- 
taken in the same direction by Mr. Robert Davidson, 
an iahahitant of Aberdeen. 

According to this letter, it appeared that at the 
'iniflofJacobi's experiments, i.e. in 1839, this Robert 
Daiidson bad a lathe and a small locomotive capable 
« being worked by electricity. His carriage, when 
running on rough planljs, was able to carry two 
pwple, and it was said that it could easily be proved 
tliat the work at these machines had been in hand 
t»o years before the date in question. However 
Kiat may be, it appeared that Davidson bad not 
Wnfined himself to the invention of his motor ; he 
W also brought out several improvements inDaniell 
wlteries for tlieir application to electromotors, and 
be had determined the best kind of iron for this sort 
"f application. Although Forbes at this time was 
'D communication with the authorities of the railway 
Companies to obtain from them for Mr. Davidson, 
pocnniary assistance in his very important and costly 
*^rimenta, it was he who in the first instance 
'Je&ayed all the expenses, and he was able \o ^^vo-fl 
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in Edinburgh some mechanical saws and lathes, a 
print ing-presa, and a locomotive, worked by electro- 
magnetic power. It waa only later, in 1843, that hs J 
was able to obtain any assistance. 

At the same time that these results were obtained 
in Europe, the Americans on their aide were notj 
inactiye. According to the English paper from which t 
we have borrowed some of these particulars, a Mr. f 
Davenport, a blacksmith of Philadelphia, constructed 
in 1836 an electro-magnetic motor which worked a 
lathe and a printing-press, and this press printed 
the paper started by the inventor tinder the title of 
' The Electro-magnetic and Mechanical Intelligencer.' 
However, as will be found in the ' Comptes rendas 
de I'Academie dea Sciences,' of June 8th, 1840, in «> 
letter from Messrs. Patterson, of New York, on a-^^ 
electro-magnetic machine applied, according to tlieicm , 
to the printing of Mr, Davenport's weekly paper, B-"* 
appears that to Messrs. Patterson, and not to DaveO-- 
port, must be attributed the invention of the machio* 
mentioned in the English paper. This invention '* J 
described in the following manner in the ' Compt^* I 
Eendus ' : — 

" Pieces of soft iron are placed at equal diatsjxc^ 
round the circumference of a wheel, and pass duri**^ 
the rotation of the wheel one after the other in irO^ 
of two electro-magnets. The wires bringing ^**. 
current are fixed to a simple mechanism, whi" 
enables the current to pass at the moment wti^ 
each piece of soft iron is on the point of comL*'^ 
opposite the magnet. When it is as close as it e^ 
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get, the current is broken, the wheel continues to 
move by its acquired velocity, and the current ia 
le-eBtablished when more than half the space 
separating the pieces of soft iron has been traversed. 
The attraction beginning at will, either a little 
before or after this middle point, determines the 
direction in which the wheel will work. It is there- 
fore only necessary to very slightly move the appa- 
ratus making and breaking the electric contact, to 
reverse the machine. The machine is stopped and 
fixed by allowing the current to act continuously ; 
catting off the current altogether leaves the wheel 
perfectly free. 

" The electric power for this machine is obtained 
from a battery of amalgamated zinc and sheets of 
platinised silver. Pieces of sheet iron platinised 
may be used with advantage instead of the silver 
plates. These elements are plunged in water acidu- 
lated with sulphuric acid in the proportion of nine 
parts of water to one of acid." 

In 1638, Captain Taylor, an American, took out a 
patent for an electro-magnetic motor, which was also 
protected in England on November 2Dd, 1839. The 
description of this motor, accompanied by drawings, 
may be seen in the 'Mechanic's Magazine,' vol. xiii. 
p. 694, It was more simple than that of Davidson, 
oinatnicted about the same time, if not even earlier. 
The arrangement employed for the making and 
bteaking of electric contact was about the same in 
Ibe two machines. 

1 jneeeatlj desciibi Davidson's xnoVox ', 
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but, to complete onr history of tbe inrentioQ of 
electric motors, we must record the fact that between 
the years 1841 and 1844, a certain number of 
electric motors, more or less ingenious in their con- 
atraetion, were brought out by Wheatetone, Eli&a, 
de Harlem, and Froment. On© of the three motorB 
patented in 1841 by Wheatstone altogether resembled 
that of Froment, represented further on (Fig. 37), 
which has long been looked upon as one of the most 
ingenious ever constTucted ; and what is the more 
curious is, that a Hungarian inventor called Jedlic^ 
claimed the same model as having been invented by 
him in 1829, which date, however, can be in no waj 
guaranteed ; and it is again this model which, being 
tried on a very much greater scale in 1856 by Marij 
;J)avy, was the object of especial commendation 
accorded by the Acad^mie des Sciences. 
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CHAPTER II. 

HISTOBIOAL MOTOBS. 



The motora we are now about to describe are those 
which may be called historical, for, beyond having a 
celebrity at the time they were made, they have 
Berved as types to a crowd of others after them 
■which are only more or lesa modifications of them. 
We shall then go through them in chronological 
order, beginning with Jacobi's motor, the first of all 
motora, and of which we have hitherto only given an 
outline. 

JacoU's Motor. — Aa has been seen, Jacobi, in 1838, 
perfected the firat motor, of which he gave a de- 
scription in 1834 before the Academic des Sciencea in 
Paris, and it is this motor as applied to his bout that 
ie shown in Fig. 31. It was composed of two circular 
rows of horse-shoe electro-magnets, carried by two 
Terticul supports, and between these t"o rows re- 
volved a sort of star fixed to a horizontal axis. This 
star had six points and carried six pairs of straight 
electro-magnets. The axis also carried a commu- 
tator formed of four wheels regulating the direction 
of the current, so that when the straight bars were 
between two consecutive poles of the horse-shoe 
electro-magnets, they were always attracted towards 
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one and repelled from the other, the change of] 
direction in the current taking place directly tbwj 
movable polee were opposite the fixed ones. 




tiie figures reluling to the expeniutiiitH made uo tba 
Keva were as Ibltows: — la the first experiments fl 
battery of 320 Daiiiell cells was employed (sulpboill 
acid and sulphate of copper), the platea of zinc adu 
copper having each 225 square ceLtimetres of etoA 
face, and the speed obtaineil being 2800 metres ptf 
hour. In the second experiments, made in l^fl^ 
tbe battery conaiiited of 128 Grove cells and aimilflr 
surface, and the speed obtained was 4170 metres Alii 
hour with 12 passengers on board. The dimensiotii 
of the )x)at were 840 metres in length, 2'25 m 
J)eam, and a draft ot! wa\Qi ol '^. 'V\i«w> exi^m- 
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f Cost the Emperor Nicholas at least 60,000 

Dmdson's Motor. — The motor which Mr. DaTidson 
spplied to hie locomotive ia represented in Fig. 32, 
En which cut we are indebted to the ' Electrician ' ; 
>nd S8 will be seen, it consiatGd of two cylinders ol" 
VDod £tted to the axles of four wheels and furnished 
inCh foar sets of iron armatures arranged so as to turn 
between the poles of eight electro-magnets. These 
veie fixed horizontally at the bottom of the carriage, 
sad were arranged two and two by tlieir opposite poles 
ID two parallel rows, so that each cylinder carried 
two sets of iron bars parallel to the axles, and 
presented themselres successively during the rotation 
of the cylinders to the poles of the corresponding 
opposite electro-magnets ; bo that when one of the 
bars on one side was opposite its electro-magnet, one 
on the other side was just within range of the at- 
traction of its electro-magnet, and vice versa. In this 
arrange ment, if the current was interrupted in the 
active electro-magnet and sent into the one on the 
other side, the movement once started continued, and 
produced a rotary movement in the axle. Each of 
the four sets of armatures produced the same effect, 
and added together, developed sufficient power to 
turn the wheels of the locomotive. The commu- 
tators lor making and breakiog the current were 
little different from those used at the present day, 
only Davidson employed two batteries in troughs 
placed one at each end of the carriage, one acting 
on the electro-magnets on the right, and one on 
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' tliose on the left. For thie the axles carried at each 
eod two small metal cylinders, on which pressed the 
brushes in connectioa with one of the batteries and 
9 electro-magnets belonging to the one aet. These 
sylinders were composed of two parts — one plain, and 
me vith a number of grooves corresponding in 
Biunber with the armatures ; and these grooves were 
filled with ivory. The current from the battery 
mived at one of the cylindera by the rubber pressing 
£m. the plain part, then passed from there by the 
metallic parts of the cylinder to the electro-magnets 
of the right or the left as the case might be, and 
thence to the battery ; but ae, iu consequence of the 
movement produced by this current, one of the 
ivory parts was brought under the brush, the current 
i broken in the electro-m^;netiG system which 
. produced the movement, and not being held 
tbftck by the attraction of the armatures, the cylinder 
flontinued its movement by virtue of the acquired 
Telocity, and the action going on at the other end of 
the axle. The position of this commutator was in 
Snot such, that when one ivory part was under the 
brush of the first commutator a metal part was 
tmder the second, and caused the current to flow 
ifrom the second batt«ry through the second system 
of electro-magnets. 

The batteries employed by Davidson were those 
■pf Stoi^eon, composed of plates of iron and amal- 
gamated zinc measuring 15 inches by 12; each was 
divided into two parts, eo that each set of magnets had 
its own battery ; there were iO elements arranged in 
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the Bame way as WoUnston's trotigh battery. This 
battery could also be reinforced by a spare battery 
of 19 cells fitted on tlie platform of the carriage, 
which was 16 feet in leogtb, ia breadth, and 
weighed 5 tonR, including the batteries and the 
mechanism. The speed attained was said to be 
four miles an hour. Engineers estimated the power 
thus developed on a line of rails at less than a 
horse-power, but the author of the letter wbenoa 
these particulars are obtained believes that iha 
power developed was much greater. 

The eleetro-magneta employed by Davidson were 
made of plates of iron bound together ; each of the 
arms was 25 inches in length, and the rectangular 
poles were 8 inches by 5, and were only 4 inches 
ajjart. The magnetising coils were i-omposed (4 
bundles of cotton-covered wire. At first the n 
netic poles were almost in contact with the armat[U«a< 
as they passed before them, but the enormous attrac- 
tion in a straight line which was then developed and 
which bent the supports, necessitated the separatioa 
of the parts, which of coarse produced a dinunntioo 
of the power developed ; and this circumstance 
eomewhat discouraged the inventor. 

Wheatstone'a Motors. — The conceptions of this 
ventor being always remarkable for their iogenuity, 
we must describe the different models mentioned in 
his patent of the 7lh of July, 1841, and as w» 
shall have occasion presently to describe that 
already referred to, which figured at the recent 
Electrical Exhibition in Paris, we shall only ooii- 
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describe those shown in Figs, 7, 8, 9, and 10 of his 
patent. 

In one of these motors tbe magnets consisted of 
teeth set widely apart on a large iron wheel round 
which were wonnd the niao;netising coils, and the 
connections of these with the battery were so ar- 
ranged that contrary poles were alternately pre- 
sented. There were 24 of these coils, and each pair 
formed a two-armed electro-magnet, and tbe wheel 
was fixed in a vertical position. On the conical 
enr&ce formed by the iron teeth acting as electro- 
magnets, was a circular crown of iron, belonging to 
a wheel whose axis was carried at one end by a 
Tertical ball and socket movement, aud at the other 
by a crank on a flywheel shaft, the latter carrying 
also a pulley and commutator with twelve insulated 
contact pieces. This commutator, by means of 
rubbing springs, sent the current from one electro- 
magnet into the following, as the iron wheel revolved 
round the circle of electro-magnets, and tiiis rotation 
resulted from the movable wheel passing from one 
electro-magnet to another taking different positions 
on account of its axis being iixed at one end, thus 
imparting circular movement to the crank to which 
it was fixed at the other. 

The second motor consisted of six straight electro- 
magnets so arranged as to form the sides of a 
hexagon, without, however, their poles being in 
contact. This hexagon was fixed in a vertical posi- 
tion, and parallel to it a movable plate fitted with 
three horse-ahoe permaaent magnota, BO ailStUB,*^ 
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that the arms formed the spokeB of a wheel. Tt>s 
electro-magnets were so wound that the adjacea^t 
poles were of the same name, so that when one *^' 
the spokes of the wheel was before one of the&* 
double poles so as to be attracted, the followi»;g 
spoke, whicli was of contrary name, was also a't-' 
tracted by the preceding double pole, the Bam. ^ 
being the case with the remainder of the spokes, E "•• 
was only when the wheel had passed the spac^ * 
opposite the poles of the electro-magnets, that th ^^ 
current being interrupted allowed the wheel t--^ 
continue its rotation by its acquired velocity, unti-**^ 
being brought before a new pair of poles the sam^^^ 
effect waa repeated ; but it was necessary that th^^ ^ 
current should be reversed, and for this purpose tli^ -S 
commutator was composed of a double wheel anc^^ d 
four brushes. 

Elias's Motor. — This motor, constmoted in 184^ =^ 
by Elias of Haarlem, was of quite a different patterc=i, 

and with the transformation it underwent at th 1» ' 

hands of Pacinotti and Gramme, furnished excellec=*rt i 

results. In this motor the electro-magnets we»- *J 

circular, and their action entirely different from tt»*B 

effects till then utilised in the construction of su*^" 1 

machines. Fig. 33 shows this motor aa seen at tt*-* I 

Paris Electrical Exhibition of 1881. It is compoS^^ ] 

of two concentric rings of soft iron, the one fit^*^ 

the other movable. The exterior ring, support^ 

by the columns CC, have six enlargements, as ^ 

A A', dividing it into six equal parts. Between th^^^ 

enlargements is wound insulated copper wire, »** 
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tie winding is such that a current, enteriag by the 
"ire y at one end of the horizoutal diameter, is 
Mvided between the two halves of the ring, and leaves 
St tie other extremity of the eame diameter by the 
"ire j". Further, owing to the reversed windings, 
"le poles A A', etc. are alternately north and south. 



^ 




The interior movable ring is similarly constructed. 
*-fa six poles are always alternately north and 
*^Tith, and the current enters at one end of a dia- 
*^6ter by the wires //', which are in connection 
^vith the commutator c. This latter is composed of 

s equidistant plates of copper, three in coimec\.\tm. 
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with tlie wire /, and the three others with /'. "t^* 
work the motor a epecial battery may be coupled ** 
the exterior ring, and the principal battery to tt*^ 
terminals B B', whence the current reaches the coir*-'^ 
mutator by the springs R R' ; or else one battel 
may be used, when B must be joined to y' and B' fc^ 
g. In eilber case the alternate north and soutZ* 
poles of the exterior ring remain the same. Th.« 
poles of the movable ting, hcwever, change theit 
names at each sixth of a turn, and the commntator 
is so arranged that each pole of the movable ring is 
always repelled by one of the fixed poles and at- 
tracted by the other. In the fignre, for example, if 
A' is north a' is south, and is attracted by A while it 
is repelled by the south pole at the end of the 
column C. When a arrives opposite A, the change 
of polarity takes place and a' becomes north and is 
then repelled by A and attracted by A'. The same 
actions are also going on at all the other poles, and 
all help to prodace a continuous rotation. It must 
also be explained that the solenoids producing the 
magnetisation of the different poles in the two rings 
are very close together, so that there is also exercised 
between the movable pieces and fixed coils attractioa 
and repulsion, due to parallel currents, and this 
assists in the rotation of the motor. 

Froment's Motors. — His first motor, conetructed in 
1844, and shown in Fig. 34, has long been a sort of 
classical type, and has often been reproduced by a 
number of constructors as a apeeimen of an electro- 
motor for jiractical demonetxatiou a\. wvevicfl classes. 
It was a crank motor, in w^nct \)iie aX\.tw*Iwr " 
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exercised on the armature, pivoted on the magnet 
itself, was tranBformed into a circular moTement by 
iQeans of a double lever working on a connecting- 
'^ and crank shaft carrying a heavy fly-wheel. An 
eccentric on this same shaft making and breaking 
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^■lie contact w i tlie comm i 

*-^tor, and thip, clasm^ the ciri;iiit wlien the armature 
^as at its maximum distance from the magnet, set 
^p an impulse which turned tlte fly-wheel till the 
^Tinatiire was at its lowest point. At this moment 
tlie eccentric withdrew the contact and the electro- 
ixiagnet lost its power, but by reason of the acquired 
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velocity of the fly-wheel the movement was continued 
until the armature was lifted up and had paaaed the 
dead point. A eontiouoQS circular movement was 
thus obtained, similar to that of a grindstone. 

This apparatus, as also all the other motors of 
Froment, are in the collection of the Conservatoire 
de8 Arts et Metiers, thanks to the generosity of 
his talented successor and nephew, M. Dumonlin 
Froment 

After the preceding motor, Froment constrncted 
one in 1845, founded on tlis principle of a toothed 
wheel, in which the electro-magnetic force acts t 
directly on the driving-shaft without transformation 
of the movement It is the best-known model and 
the one most often found in a natural philosophy 
collection. It ia shown in Fig. 35, and will be easily | 
miderstood. 

Four electro-magnets, fixed on an iron bed-plate, 
are arranged like spokes round a wheel on the shaft, 
provided with a number of soft-iron armatures, A 
commutator, composed of spring-rollers in contact 
with each of the electro-magnets and the battery, is 
worked by means of small cams on the driving shaft, 
and sends the current successively and alternately | 
through the two pairs of electro-magnets, whose 
armatures are to be acted upon. These armatures, 
giving way to the attraction, revolve the wheel, and 
thus a continuous rotary motion is obtained. This 
motor has often been applied to work small model 
pump a, and other laboratory experiments. 

The motors devised by Froment after those juat 
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described, and which date from 1847, are represented 
in ^iga. 36, 37, and 38. That shown in Fig. 36 was 
called by him an epicycloidai motor with movable 
ttiagnets. It consisted of a large bronze vertical 
circ; lunference, fuTDished inaide with twelve iron 



1 




6S**^atKre8, and inside which moved from ( 
luto to the other a ring of electro-magnets with two 
a*^**a, eqnal in nnmber to that of the armatures, 
an^ supported by a sort of nave working in the 
drivbg-shaft. This latter worked in two strong 
piUars, and corresponded with a cogged wheel s 
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in the drawing at the baok of the machine. A coifi- I 
mutator, fitted on the nave and against wbich pressed I 
a apting rubber, successively sent the current throagii 1 
the different electro-magnets, rendering them altB^ 




I ays' 

L Th. 




nately active and passive, producing between thCT 
and the armatures on the bronze ring 
attractions, which tended to revolve the 
system round the interior of this cireumferenM 
The axle thus received a circular movement, actii) 



Fromenfa Molora, 
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the end of a lever whose length correaponded 
with the diBereace between the diameters of the 
two circles. 

Not withstanding its ingenuity, this arrangement 
presented a grave difficulty which gave Froment 
tie idea of reversing the arrangement and con- 
structing the model shown in Fig. 37. The above- 




mentioned difficulty was the continual bending in 
WBsequence of the normal attractive action of the 
bronze ring, which always ended by losing its round 
*lape, and therefore hindered the interior ring from 
reToiving regularly. Also the relatively great weight 
of the moving parts was another disadvantage, and 
by making this carry the armatures and the circum- 
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fBnoce the elertro-magnetA, the §aine moveiD 
WMobtftined ondf-r mnch lietter comlittons; 
el«ctn>-i»«gnet« c(»uW be Btrongly embedded in I 
doable circular cage A B, Holidly riretted to tlui 
Mid Uiejr could be arranged in a ring all round t 




ring of ancutarefl. 'Ibis was the same plan sd(H 
by Whealstooe in 1841, and made nse of b; 1 
Davy in 1865. 

Thinking tlint the eSect prodiioe<l between 1 
fixed and movable gyatems is hiii direct-ftcting mol 
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ought adyantageoualy be shared by both, by putting 
both in movement and combiuing these two move- 
ments into one by means of cogged wheels, Froment 
eonatrncled, in 1848, the motor shown in Fig. 38, 
which he called his triangular electromotor. This 
arrangement enabled him to act on three seta of 
dmois carrying armatures with a single set of electro- 
magnetfl. 

In this arrangement the electro-magnets, to the 
lumber of three or six, are rectangularly fixed round 
a movable vertical axis, turning on a point in the 
centre of the triangular stand, at the corners of 
"hicdi worked the three vertical drums, each fur- 
tiished with three armatures. The axle of these 
wheels terminated below in cogged wheels, which 
worked on a central one on the axle of the electro- 
magDets, and a commutator, similar to those already 
feribed, was fitted on the upper part of the axis. 

Wlien the electro-magnets come within range of 
the armatures on the moving 
draniB, they mutually attract 
Me another, and thus give 
tnoTement to the whole , 
system; but since the re- 
xilt ia that the electro-mag- 
nets also move and follow, 
the movement is continued, 
Md the combined actions 
Me accumulated by gear- 
"tg; BO that the commutator has only to » 
the current through the electro-magnets when they 
r 1 




1 
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are near the corresponding armatarea of the r 
drum, and to break it when the parts are in thw" 
nearest position to each other. Fig. 39, which is | 
plan of this machine, gives a very good idea <a( 
this arrangement, which, howeTer, has not givw 
results superior to other similar direct-acting motor* 




The same year, 1848, Froment constracted sevei 
other motors, as shown in Figs. 40 and 41, of whidi 
one was named by its inyentor a wedge electromotoi; 

In this machine there are four electro-magnets, fixed 
opposite one another in pairs, and slightly incline^ 
from the horizontal, and the armatures are in thq 
shape of elongated wedges, which work verticaUy i^ 
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grooves, wtiich ^de them in their upwaid t 
downward motion. They are each fitted to a o 
necting-rod workiiig on a crank shaft, on which I 
fiy-wheel and eccentrics acting as commutati 
These two wedges are, of course, so arranged ti 
when the attraction on one commences that on i 
other ceasea, and mce versa. When one of ' 
wedges is at the top of its stroke, its two angn 
faces are at their maximum distance from the nn 
netic poles, and it is then that the current exoi 
the electro-magnets; these then draw the wodj 
down till their thickest part is in the axial 11 
when the current is broken in these electro-magn 
and sent by the commutator into the others, wh 
are then in the position originally occupied by ' 
first set, thus continuing the action. In this a 
the attractive e£fect is tangential, and is the reg 
of both lateral and direct attraction ; however, 
special advantf^ has been derived bora X 
arrangement. 

We show, at Fig. 41, the large direct-act 
rotary motor, which Froment constructed to w( 
the dividing machines in his laboratory. All ' 
electro-magnets were fixed vertically, one abi 
another, on six iron uprights, forming the sides o 
very solidly built hexagonal prism. In the cen 
of this cylindrical case, bristling with eleetro-magni 
was placed the rotating shaft, having throughout 
length a series of vertical armatures placed end 
end, and arranged to correspond with each of 1 
pairs of bobbins. This shaft terminates above ii 



Pcuje'i Machine. 71 

"leel, which, acting on another of equal diameter, 

"orked the commutator seen on the left of the figure, 
'^ also cogged wheels to reduce the speed of the 
P'JiBy on the right, by which was worked the neces- 
^fy machines. 

The commutator was composed of a double set of 
'iaeJs round the axis of the shaft, pressing on plates 
s'temately insulating and conducting, joined to the 
'''fiereut seta of electro-magnets. 

It was said that this motor had a force of three- 
^lartere of a eheval vapeur, but Froment often said 
tliat the power waa much less than this, notwith- 
standing the alterations he made in this motor in 
1862. 

Such are the motors of M. Fromenf which for so 
long were regarded as perfect, aud which cost th&ir 
author much time and money. He, however, never 
had great expectations with regard to this applica- 
tion of electricity, and I have often heard him 
expFesa his doubts as to the ftiture thereof. Cer- 
tainly, the most ingenious mechanical contrivances 
^ad been made use of in this type of machine, but 
the physical effects to be dealt with were not then 
■> perfectly understood as at present, and it is only 
r^ently that any favourable results have been 
obtained, and that in quite a different direction. 

Page's Machhie. — This machine, brought out 
in 1850, was founded on a property then little 
known, namely, the attraction of solenoids, which 
has since furnished several important types of 
machines. We have mentioned on p. 14 this sort of 
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utnctKA and its wlTuitsges ; nnfortnoately, tU 
force dereloped ie alight, and it is only with grel 

I loWLTTti that «e can accept the resulu announced t^ 

tke Bempapen of that time, resnlts which wei 

I BaBmed up as fullowa in the Amercan paper, ' Tfa 

I Katknal Intelligencer ' : — 

I " Frof««eor Pa^e, in the oonrBe of lectures delivert 

by bim at the Smitbson Institute, has shown thi 
before long electro-magnetic action will have dl 
throned eteam and will be the adopted motor, B 

hhas, to convince his audience, shown some mat 
astonishing experiments. An immense iron bi 
weighing 160 lbs. was lifted by the electro-magneti 
action, and was rapidly raised and lowered, danoiiq 
in the air like a feather, and without any apparel 
support Tlie force acting on the bar was estimate) 
I at about 300 lbs-, although it was exercised threu^ 

a distance of ten inches. One can hardly form SB 
idea of the noise and brilliancy of the electric 8pM| 
I when it is drawn from a certain part of the grff 

[ apparatus ; it is a regular pistol shot. At a litl 

distance from this point the spark makes no noisa* 
! "The professor also showed his machine of font. 

I five horse-power, worked by a battery contained b4 

spaoe of about 3 cubic feet. It is a doublemcti 
I tnaohino, with a two-feet stroke, and the whole thiJ 

I, engine and battery, weighs about a ton. When < 

I motive power is connected the engine works adnl 

I iibly, mnliiug 114 rovoUitions a minute. Applied'' 

ft circular saw of 16 inches in diameter, which 4 
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80 reTolntiona. The force acting on the great piston 
throughout a stroke of 2 feet was estimated at 200 
lbs. when the engine was going slowly. The Professor 
'as not able to calculate accurately the force exerted 
'■ten the engine was going at working speed, but it 
was much less." 

If these results had been really obtained, it is clear 
"ist this machine must have been at once widely 
adopted, and it would never have been necessary to 
Beek in other countries by numerous combinations to 
anive at infinitely inferior results. There is eTi- 
''sntly, therefore, in these accounts a great deal of 
exaggeration ; nevertheless, these results produced 
^' the time great excitement in scientific and com- 
^^rcial circles, winch greatly contributed to the 
"^pulse then given to electric motors, and which 
''^ified, as ne have said, much ruin. However, the 
allowing is the description of Page's machine as 
^«en from the patent granted in France the 9th of 
September, 1850:— 

"Page's machine was vertical, and was composed 
, * two bobbins, each wound with a wire 1500 metres 
^ length. If one coil had been made use of in each 
ylinder, the attraction of the iron bar would not have 
"^^Q made use of over a great length, as it would 
my have been powerful in the middle part of the 
^obin; but Mr. Page has increased the attractive 
neld by forming his bobbin of a series of small eoila 
independent one of another, and put io action one 
*^r the other by means of a commutator. Tlius 
*"e iron rod was drawn in from the top to the bottom 
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with & uniform movement. The two pistons wer^^ 
two cylindrical bars of soft iron, 3 feet long anc^c- 
6 inches in diameter, and the stroke was 2 feet. By^* 
means of a lever and crank they acted on the axle ofl! 
a wheel and imparted rotary motion to it. This fly-- 
wheel was 600 lbs. in weight" 

Notwithstanding the assertion of the American 
paper, Page's patent only claimed for this motor half 
a horse-power, and, if we belieye Armengand, the 
battery employed to work this machine consisted of 
forty Grove cells, of which the plates were 25 centi- 
metres square. The trials, of which this machine 
was the result, cost, according to Piguier, 800,000 
francs, which were given to Mr. Page by the United 
States Government. 

Mjorth's Motor. — This motor, which was shown at 
the London Universal Exhibition of 1851 and re- 
ceived a grand medal at that Exhibition, was patented 
in 18-19, and appears to have been an adaptation of 
Froment's angular motor already described. We 
shall see furtlier on that PeUis and Henry also 
constructed a motor on this same principle. The 
apparatus was described in the above-mentioned 
patent as follows : — 

" Fig. 42 represents an elevation. Fig. 43 a sectioD 
of the machina A A is a hollow horse-shoe magnet, 
cone-shaped inside, wound with copper wire, and so 
fixed that it oscillates about the centre B, supported 
by plummer blocks, as is shown. Inside this magnet 
are fixed a certain number of conical pieces of different 
lengths. The figure shows another hoise-shoe electro- 
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fflagnet CO, conical outside, with openings corre- 
SjKJDilitig with the cones placed in'iide the majruet 
^ A, The magnet C C mores on the guides D D, 
fixed to the top of the support of C C and to the 
tottom of A A. A crank attached to C works in 




the ordinary way the shaft of a fly-wheel. A com- 
mutator acta in the same way as the slide-valve of 
and is worked by an eccentric rod. 
machine may be reversed by an eccentric regu- 
lating the supply of current to the commutator ; the 
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re the wire of A J 
) of CC, and th«i 



current from the commutator entere t 

and thence goes through the wire < 

to the battery by the conduetioff wires. As soon 4 

the current goes into the liobbinB they exercise j 

mutual attraction, not only in the ordinary mannci 







but because the magnets are so formed that , 
inside of the exterior magnet and the outside of 1 
interior magnet form angles with the directioiv! 
movement, and at the Bame time the conea of ^ 
feient lengths are presented to the polea of : 
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fespectiye magnets, a constant force is maintained 
throughont the whole stroke by the successive por- 
tions of the surface which are brought to bear one 
sftet the other during the whole stroke. On arrival 
St tie bottom of one set of magnets the direction of 
tile current is changed, and the other set of magnets 
wcomes active through the passage of the current in 
"leir coils, as has already been described. In order 
"^ prevent the circuit being broken and to maintain 
""6 action of the magnets, the sliding contact of the 
''"Dimutator is long enough for the collector in com- 
™Unication with one set of magnets to be in contact 
°®*bre the other is broken. By the preceding ar- 
f*Ogement an alternate motion is obtained, similar 
that of an oscillating steam-engine, and this 
Motion may be applied aa desired by means of 
*^nlts, shafts, &c." 
The patent gives many further details as to the 
'Ustruction of the commutator, &c., but tliey are 
**>t of sufficient interest for us to give them here. 
^ll these details may be found, if desired, in ' La 
■^-■tiuiiere Electriqne ' for January, 1883, to which we 
^*e indebted for the accompanying cuts. 

PaeinottCs Motor. — One of the most important 
■Rotors brought out during the first period of the 
*tiFention of electromotors, and at the same time 
■tliat which presented the greatest originality and 
'Ciovelty in the physical effects introduced, is that 
\vbich Pacinotti invented in 1861, and which was 
Ifiescribed in 'II Nuoto Cimento' in 1861 in the 
illowing terms; — 
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" I took a turned iron ring famished with sixteen 
equal teeth. Tliis ring was auspended by four brass 
arms B B (Fig. 44), which fixed it to the axis of the 
machine. Between these teeth little triangular 
pieces of wood were let in, wound with silk-covered 
copper wire, 'fhis arrangement was to obtain perfect 
ioBuiation of the coik or bobbins thus formed be— 
tweeu the iron teeth. In all the bobbins the wir^s 




M ijul n h ixue e t n, an 1 e h was 
formed of nine turns. Each is thus separated from 
the other by an iron tooth and the triangular piece 
of wood. On leaviag one bobbin to commence the 
next, I end the wire by fixing it to the piece of wood 
which separates the two bobbins. On the axle 
carrying the wheel thus constructed I grouped all 
the wirra, of which one end formed the end of one 
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bobbin and the other the commencement of tlie 
next, passing them through holes for this purpose in 
» wooden collar fixed on this same axle and thence 
attaching them to a commutator also on the axle. 

" This commnfator consisted of a ring or small 
cylinder of wood, having on the circumference two 
rows of grooves, in which are fitted sixteen pieces of 
braes (eight in each row); they are placed alter- 
nately, and concentric with the wooden cylinder on 
which they form a spindle. Each of these pieces of 
brass is soldered to the two ends of wire corresponding 
with two following bobbins ; so that all the bobbins 
ate connected, each being joined to the following by 
a conductor, of which one of the pieces of brass of 
the eommntator forms a part. If we put two of 
tbese pieces of brass in communication with the 
poles of a battery hy means of two metallic rollers 
6, the current, in dividing, will go through the coil 
Bt both points where the ends of the wire fastened 
to the pieces of brass communicate with the rollers ; 
lad magnetic poles will appear in the iron circle in 
the diameter perpendicular to A A'. On these poles 
acts a fixed electro-magnet, which determines the 
rotation of the circular electro-magnet ; the poles of 
the circular electro-magnet when in movement 
always appearing in the fixed positions corresponding 
to the communication with the battery." 

This machine is particularly worthy of notice, as it 
may be considered a veritable Gramme induction 
machine, and Pacinotti from the first so well under- 
stood its capabilities, that he described it ia \ua 
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' M^moire ' as foUowa : — " Jt seems to me that what in- 
creases the value of this model is its faculty for being 
transformed from electro-magnetic into magneto- 
electric with continuous current. If, instead of the 
electro- magnet, there was a permanent mignet, and 
the circular magnet was made to turn, we shonM 
have, in fact, a magneto-electric machine whiob 
would give a continuoua induced current always in 
the same direction. To develop an induced current 
by the machine thus constructed, I brought to the 
magnetic wheel the opposite poles of two permanent 
magnets, or I magnetised by means of a current thfl 
fixed electro-magnet, and I made the circulM 
eleetro-magnet to turn on its axis. In both cases! 
obtained an induced current always in the aaH* 
direction. It will easily be seen that the secoD* 
method is not practicable, but that an electro-magft*" 
is easily replaced by a permanent magnet; t*^® 
electro-magnetic machine resulting from this »'* 
have the advantage of giving additional induc^ 
currents all in the eame direction, without neces^ 
tating the use of mechanism to separate the opposL 
currents or make them converge." 

Pacinotti closes his ' M^moire ' with this interestii^ 
remark, which seems to be the first indication of tl* 
reversibility of electric motors: "This model," h- 
eays, " further shows how the electro-magneti* 
machine is the complement of the magneto-electric 
machine, for, in the first, the current obtained from 
any source of electricity circulating in the bobbini 
produces movement of the wheel with its consequent 
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mechanical work ; whilst in the second, mechanical 
work is employed to turn the wheel and obtain, by 
^e action of the permanent magnet, a current which 
Jusyhe transmitted by conductors to any required 
point," 

The Pacinotti machine remained for a long time 
for^tten in the Philosophical Museum of the Uni- 
Tersity of Pisa, and it waa only when the Gramme 
maohine made its appearance, in 1871, that that of 
the learned Italian was recollected and brought 
before the public. It was sent to the Vienna Ex- 
hibition of 1875, and every one wUl have seen it at 
the Paris Electrical Exhibition of 1881, where it 
attracted great attention from those interested. We 
hwe dwelt much upon this machine, for it waa with 
Graainie machines that the first experimenta were 
m&de io 1873 with respect to the reversibility of 
dynamos, which have led to our knowledge of the 
transmiasion of power and all the attendant in- 
teresting results which have attracted the admira- 
tion of electricians of the present time : which results 
we will more fully consider in the second part of this 
work. 
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CHAPTEB III. 



EARLY ELECTROMOTOBS. 



In the preceding chapter we have described in th^ 
order of their date the arrangement of the primitive 
electromotors, and have specified their particulsff 
characteristics. But as, since the year 1844, inven- 
tions have succeeded each other with great rapidity 
and have become extremely numerous, we have 
thought it better for clearness of description to 
abandon the chronological order and consider the 
apparatus in different classes, grouping together 
those founded on the same principle. Looking at 
the question thus, we find that all the systems, until 
the time when it became really an industry, may be 
classed under four heads, viz.: 1. Electromotors 
founded on the dynamic properties of currents; 
2. Electromotors founded on the attraction of iron 
to electro-magnets, and on the properties of electro- 
magnets; 3. Electromotors in which the attraction 
of gravity is introduced as a source of power: 
4. Electro-chemical motors. 



I. — ELECTROMOTORS FOUNDED ON THE DYNAMIC 
PROPERTIES OF CURRENTS. 

Barlow's wheel, Faraday's tourniquets, Zamboni's 
dry-pile application, and a number of other instru- 
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merits of this sort, are really so many electromotors 
founded on the dynamic properties of the current, as 
mncli jjiagnetic as electric. However, as they are 
"ot capable of producing an appreciable force, and 
as mechanical combinations have no part in their 
ctmatruction, we will distinguish them essentially 
from tlie electromotors of which wa are about to 
speak, and of which the most interesting are those 
founded on the attractions exercised on thera by 
Btlenoids, through which a current circulates in the 
Bame direction. 

Meetr&motorz founded on the Attraction of Solenoids. 
—In these electromotors one of the solenoids con- 
siste of the coil of a magnetising bobbin, the other of 
tlie magnetic current produced, according to the 
thewy of Ampere, in a cylinder of soft iron brought 
neat to the tube of the bobbin. As soon as this 
Kceiyes a current, it develops an attractive action, 
fnicli tends to draw the cylinder into the tube till 
'ta two extremities coincide with those of the bobbin, 
^e laws of this sort of attraction were given in 
^oUi. of ' L'Espose des Applications de I'Electricit^,' 
^d the results have lately been applied by Marcel 
^prez to a mechanical hammer, represented in 
'^g. 46, of which we will speak later. Doubtless 
•^G force developed under these conditions is not as 
"onsiderable as that resulting from the attraction of 
""■gnets, but it has the advantage of continuing the 
"^gnetic attraction through a considerable length 
"' stroke, and it is often applied at the present day, 
^^Peeially for arc lamps. 
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The first motor founded on thia principle was, sc 
■we have seen, that constructed by Page in America 
and it was said by some of the American papen 
particularly the ' National Intelligencer,' that 3 
developed five horse-power with a battery occupyii*. 
the space of about one cubic metre, and that it ga« 
the piston a two-feet stroke, throughout the wh»3 
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length of which a force of 600 lbs. was continual 
exerted. In other papers it was said that tl 
machine was used to work a printing-press. "^ 
have already expressed our views as to these report 
and it is certain that if such a machine had esisto 
such fabulous sums would not have been expendi 
in Europe on further fruitless attempts. This mot 
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''flfi been the model for several others, of which one 
™V>B beat known is that of Bourbouze, which we 
give in Tig. 45^ and which was coDatructed for the 
mtuni Philosophy classes at the Sorbonne, 

^ovrhowx'a Motor. — This motor, as we may see, 

^^ arranged like a fixed steam-engine with two 

P'^ns. At the two extremities of a horizontal 

"^ta were suspended two iron cylinders working in 

"^o long magnetising bobbins, the lower ends of 

''ich were filled by short iron cylinders joined 

f^gether by a piece of iron between the bobbins, thus 

'^'^ing an electro-magnet. As soon as the current 

_P*«8e(J into one of the bobbins, the corresponding 

^n rod was attracted by the coils and also by the 

^Sgnetic pole at its lower part, and it was drawn in 

**til the current was cut off by the commutator ; at 

^ie instant, the other bobbin being excited by the 

'^Itrent, the beam, yielding to the new attraction, 

^ised the first iron cylinder and placed it in a posi- 

^ori to commence another stroke at the change of 

*l*'l'ent. The transformation of the to-and-fro 

***ovement resulting from this double action was 

^^lised, as in steam-engines, by means of a crank and 

r^y-wheel ; and as it was necessary to increase the 

^Dgth of the stroke, the connecting-rod was attached 

~** the end of a long lever working on the end of the 

'^^am. The commutator consisted of a plate rubbing 

^ternately on two contacts fixed horizontally on a 

yable, and set in motion by an eccentric rod worked 

*^ a similar manner to the slide-valve of a steam- 

^*igine. 
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Du MonceVs Motor. — In 1851 we ourselves con- 
structed the little motor represented in Fig. 46, 
the arrangement of which reminds one of an 
oscillating steam engine. Originally the working 
of this apparatus was not easily understood by the 
public, because the effects of the attraction of 
solenoids were not then well known ; but a con- 
sideration of Fig. 46 will suffice to explain at once 
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the different movements which come into play. We 
see that the iron cylinder, which, in the position of 
the crank in the figure, passes right through the 
right-hand bobbin and penetrates to the depth of a 
few millimetres into that on the left, is on the point 
of being attracted by this latter bobbin ; and when 
it arrives at the end of its stroke, it is within reach 
of an iron ring terminating the left-hand bobbin, 
which gives it an extra impetus capable of carrying 
the fly-wheel over the dead point corresponding to 
the movement of the shaft in the opposite direction ; 
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ithe commutator, placed on the axis of the fly-wheel, 
has then cut off tlie current from the left-hand 
bobbin and connected it to that on tlie right, by 
which the piston is made to accomplish the retro- 
grade movement preparatory to making another 
forward stroke, and so on. 

To prevent friction, it was found necessary to 
arrange, between the two bobbins, a roller on which 
the iron piston moves ; and as the piece which sup- 
ports this roller and the piece connecting the two 
bobbins are suspended on pointed pivots, the driving 
orsnk of the fly-wheel, joined direct to a shaft fixed 
to the extremity of the piston, can follow this in ila 
movement to and fro, causing the oscillation of the 
whole system at every half-turn accomplished by it. 
In this apparatus the commutator is composed of 
two eccentrics fixed to the axis of the fly-wheel, and 
insulated one from the other ; a fixed silver spring, 
in connection with one of the bobbins, encounters at 
each half revolution of the fly-wheel one of the 
eccentrics, and a third spring, large enough to bear 
on both the eccentrics, brings the current succes- 
sively to the two latter, and works the changes in 
them. 

In another double-acting [motor with four pistons 
these magnetic properties have been turned to better 
account, by cutting the pistons in two and joining 
the ends two and two by a thick copper ring ; then 
eaeh bobbin has two rings of soft iron instead of 
only one. The result is that the pistons not only 
»w no longer hindeied in theb movement by theii 
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magnetic action, when passing from one bobbin tl 
another, but they are still acted upon at both pola 
at once by the coils of the bobbins towards whictJ 
they are moving. 

Marcel Deprez's Samtner loiih Svhdivided Coth.-— 
In order to further increase the length of stroka 
of tbe iron piston of the motors already described J 
Deprez had recourse to the method employee: 
by Page, i.e. a solenoid composed of a series ca 
bobbins placed one after the other, and throngll 
which the current is distributed successively b* 
means of a commutator. To these bobbins he bau 
given the name of snbdivided coils, and in this cas" 
the iron cyliuder is attracted first by the first coiB 
then by the second and third, and so on until its 
whole course is accomplished. We have seen how 
Page built a motor on this principle, but Deprez haa 
apphed it to another end, and has turned it to gooc 
account as a hammer, which is shown in Fig, 47, anC 
which he describes in the following manner : — 

" In the apparatus tried at tbe Conservatoire dea 
Arts et Metiers, tbe 15th of June, 1882, the sections 
constituting the electric cylinder A B of the hamine- 
are eighty in number, forming a total length of on« 
metre, both ends of each wire abutting on a collecto- 
of a circular form, seen at F G. The brushes of thi^ 
conamutator consist of two plates C E, C D, fixed t« 
the double handle H C I, moving round the fixec 
centre C. These plates can be put at any angle t< 
each other, so as to ascertain by trial the most suit- 
able length to give the acting solenoid. When thi* 
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angle has been determined, the angle E D is madM 
invariable by meauB of a clamp, and tlie apparatus ii 
worked by giving the doable handleHCI a clrculal 
movement backwards or forwards. 

" The iron cylinder of the apparatus weighs 23" 
kilogrammes, but when the current has an intensity ' 
of 43 amperes and goes through 15 sections, the 
effort developed may be as much as 70 kilogrammes, 
that is to say, three times the weight of the hammer. 
And the latter will promptly obey the movemcDts of 
the operator's hand." 

Already, in 1851, we had ourselves contrived a 
combination of this sort, by which were made to work 
on an iron rod composed of alternate magnetic and 
non-magnetic parts, three bobbins, arranged in such 
a manner as to be successively attracted by the mag- 
netic parts of the rod. We will give details of this 
system later, in considering electromotive appa- 
ratus, as well as the description of another of the 
same sort constructed a long time after by Bonelli, 
We only mention these arrangements at present to 
show to what use this sort of electro-magnetic pro- 
perties may be put in electric applications. 

Siemens's Stngle-hohhin Electromotor. — This motor, 
besides being of a very feeble power, is founded on ' 
the attraction of two electric currents going in the 
same direction, and on their repulsion when going in 
contrary directions. Supposing the two bobbins in 
Fig, 46 to be united into one, and the cylinder of 
soft iron to be replaced by a copper tube with an 
internal, well-inaulated coil of wire, an idea of this 
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motor will be obtained, alirays supposing the 
commutator to be so arranged as to reverse the 
corrent. 

Quite lately ao attempt has been made to utilise 
the dynamic properties of currents, and among the 
best-designed motors we would mention those of 
Deprez, Btirgin, and Jablochkoff, which we shall 
describe more fully in the second part of this book ; 
but their return is generally indiflereut, so that it is 
not in these properties that the solution of the 
problem of electric motors must be sought 

II. — ELEOTBOMOTOHS FOUNDED ON THE 4TTEACT10N 
OP IRON TO ELECTHO-MAGNBTS. 

Ist. Oscillating Motors. 

In these motors the electro-magnetic force results 

from the simple attraction of armatures working 

above the poles of one or more electro-magnets, 

which armatures, after having been acted upon by 

these magnets, rise in consequence of an interruption 

of the current under the action of an opposite force 

or that of the acquired velocity, to he attracted on 

the circuit being again closed. The result of this 

double action is a to-and-fro movement, which is 

then easily transformed into circular action by divers 

means more or less appropriate, in which lies the 

difference between the systems. 

These motors, of which that of Froment, shown in 
"ig. 34, is one of the most simple types, are rather 
nnmerous; but as we cannot describe all, we will 
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only speak of the most interesting, and at the he 
of these machines we will place that of Boqx, whit 
when tested with many others in 1855 at the ConsB 
Tatoire des Arts et Metiers, showed the beat resnlti 

Boux's Motor. — The peculiarity of this motor 
the means employed by its inventor to enlai^, ia 
simple way, the effective stroke of the pieces 
tracted, and the iise of oblong tubular eIectro-ina| 
nets, which were new at this period. This 
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had only two electro-magnets, but they were verj 
large and strong in proportion. Within reach »3 
those, which were arranged horizontally one on eacb 
side of the motive shaft, were suspended by twc 
jointed rods A E, C D (Fig. 48), two large plates oJ 
soft iron E F, E' F',' to which were fixed two long 
levers F G, F' G',' connected to a double crank G& 
on the driving shaft H I. On this shaft, as in all 
other electromotors, the commutator and the fly- 
wheel were to be found. When the motor wasnot 
in action, one of the plates was raised about two cen- 
timetres above the corresponding electro-magne't* 
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He the other one dropped. Aa aoon aa a current 
sent into the apparatus the first-mentioned plate 

attracted, but the rods supporting it describing 
arc at the same time, the plate, while moving 
iwnwards, was drawn to one side. Now, the force 
Blised to act on the crank of the driving-ahaft 
Bpresents the sine of the arc, while the attractive 
broe is only the versine, and the effective course of 

connecting-rod was increased by this single fact, 
in the proportion of the sine of the arc to its versine. 
DoubtSess the magnetic induction, in changing place, 
lessened the attractive force a little, but the gain in 

greater play of the comiectiDg-rod was consider- 

y more than the lose, 

^en the mechanical action of the one iron plate 
"as finished, the current was directed to the other 
elwtro-magnet, which, acting in the same way, 
tOEtinued the movement. 

Aa may be seen from this simple description, thia 
notor is only a double system of electro-magnets, 
^hoae armatures are separately worked, and this 
Wmbination was the happier, as tlie enlargement of 
toe stroke of the connecting-rods F G, F' G' " tended 
teitiereaae the regularity of the electric action. 

The following are Becquerel's remarks in his report 
tioncerning this machine, after the experiments at 
toe Conservatoire in 1855 : — 

"M. Roux's oscillating machine, which, with the 
»me surface of plates in the battery as that of 
l^rmenjeat, consuming 6'G kilogrammes of zinc per 
Doree-power per hour, reduced the expenditure of 
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siiic to one-third, ot 2'2 kilogrammee, with laj 
battery surface; the cost in zinc alone per turn 
power would be, according to these figures, 1 fid 
50 centimea per hour. It is true that M. Boj 
employed very thick wire for his electro-raagMJ 
However, the minimum expenditure of zinc {■ 
horee-power per hour, 22 bilogrammes, coetnj 
1 franc 50 centimes for a machine not gi™ 
more than half a kilogrammetre, is still too high fl 
electromotors to be at present snccessfuUy applied^ 

Fdbre and EuTiemann's Motor. — Fabre and KmJ 
rnanu also exhibited, in 1855, a motor of IeM 
dimensions, in wliich they made use of their tahd) 
electro-magnets. 

These electro-magnets, two in number, were art 
nected to the end of vertical shafts, which waJ 
joined by two rods to the cranks of the driving-shafl 
they had their poles below, and were joined by t*i 
pivots to two large plates of soft iron, which aerrfil 
as armatures. These plates were fixed to the loW 
part of the machine, so that the electro-magnel 
themselves constituted the movable pieces. Wba 
at rest, one of the tubular electro-magnets was in 
vertical position, while the other was incline' 
hingeing on its two pivots. But when the cnrrC' 
entered this last electro- magnet, the fixed piece 
iron tended to bring it into the vertical position, * 
from this movement resulted an impulse which act 
on the driving-shaft. At the same time the sect* 
electro-magnet was inclined, and the commntafc" 
changing the current to this, oansed a IJresh impol 
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Lich continued the raoTement of tho machine. This 
rangement is not very favourable to the development 
the force produced. 

Dvhos's Motor. — This motor, tried at the Conser- 
wtoire des Arta et Metiers in 1857, produced a power 
i 11-5 kilogram metres under the inflnence of a 
lattery of 70 Bungen cells in tension, with a cou- 
nunptionof zinc estimated at 1-4 kilogrammes per 
liour, and the motor made 73 '35 revolutions a 
ininate. This was the most important result which 
liad been obtained in France at that period. 
The machine consisted of a sort of oscillating pen- 
ilam, on the two sides of which were fastened two 
sets of cjlindrical electro-magnets, six on each aide. 
Opposite to these movable electro-magueta were 
siranged six similar ones, fixed to a vertical frame- 
•ort, which could be bronght closer to the magnets 
of tlie pendulum by means of a screw. The poles of 
all the movable electro-magnets on each side were 
■n the same plane ; this plane was not vertical, and 
"nlj came into that position when the pendulum was 
Sffnng sufficiently to one aide for its electro-magnets 
almost in contact with the poles of the fixed 
aleotro-magnets. Now, the result of this arrangement 
*8a that, in the attraction produced by the reciprocal 
sction of the electro-magnets on the same side, the 
Upper electro-magnet of the pendulum, being the 
neatest to the corresponding fixed electro-magnet, 
*a8 the most strongly attracted, and the whole 
"lOTttble arrangement was in consequence drawn 
"^Mer to the fixed electro-magnets ; this increased 
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the attraction between the eecond mag^iets, then 
between the tliird, and so on to the sixth. When 
the lowest electro-magnet on the pendulum came 
in contact with its corresponding fixed electro-magtet, 
the current waa cut off by the commutator from the 
first two aeries, and sent into those on the opposite 
aide, and these then attracted the pendulum in the 
contrary direction, thus causing it to make a retro- 
grade oscillation. An oscillating motion was thus 
obtained, which could be turned into rotary move- 
ment by connecting-rods, cranks, or any other known 
means. 

M. Dubos'a machine could be worked in three 
ways: 1st, by the attraction of the fixed electro- 
magnets only, the others then, acting only as arma- 
tures, not being excited by any current ; 2ndly, by the 
reciprocal attractions of the electro-magnets of both 
systems, the poles being so arranged aa to work with 
a current in the same direction; in this case the 
current was divided between the two Bsries of 
electro-magnets on the same side, the poles being so 
arranged that each came opposite one of contrary 
sign ; 3rdly, by combined attraction and repulsioi 
when a permanent current was sent through the 
movable electro-magnets, and a second current 
through the fixed magnets transferred alternately 
from one side to the other. The second of these 
methods produced the best results. There was 
nothing peculiar in the arrangement of the commo- 
tator in the different cases, and it may easily be 
imagined. 
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Gaiffe's Motor. — We have in Fig. 49 a representa- 
of a little motor with alternate movemeDt, 
■which was used to work a small pump. It is a 
stuall experimental apparatuSj very simple and in- 
teresting to show at lectures. Its electro-magoet is 




straight, and both poles are utilised by means of a 
bent armature, like some motors exhibited in 1855 
L by Dezelu. 

Gerard de Liege's Motor. — This is nothing but 
tUe application to motors of the electro-magnetic 
arrangement which tlie same inventor had applied 
tfl clocks. The arrangement consisted of a bar 
electto-magnet, whoso polar extremities are pro- 
longed and bent round till they face one another, and 
^18 form a sort of elongated with a break of 
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about 1 or 2 niillimetres. In its mode of action 

arrangement is similar to that of an electro-magn 
whose poles are proyided with iron rings, Itriugii; 
[ the edges close together and acting on the armat 
by their adjoining extremities. The motor consisto 
of two such electro-magnets, fixed on a metal beil 
plate, but not in tbe same plane, and forming 
angle of 30°. An armature of soft iron, consisti 
of an elongated ring of the same size as the 
was placed between their polar extremities, idJ 
arranged so as to oscillate round its lesser diameWt 
This armature worked a connecting-rod on thfl 
crank shaft, so that the oscillating movement w»* 
turned into a circular one. A coiiimutator, fi 
on this crank shaft on the opposite side to the 
wheel, sent the current into the two electro-magnet* 
alternately. Owing to the angle formed by th* 
latter, there was no dead point, and the impul* 
produced resulted from the attraction of both pol** 
of the electro- magnet, which attraction was exhibited 
when tbe plane of the armature formed an angla 
with one or other of the electro-magnets, and con- 
tinued till the two planes coincided. As thiscooWi 
happen only with one of the electro- magnets at * 
time, and its effect was to place the armature at »» 
angle with tbe other, the change in the current 
which then took place caused an attraction in tW 
opposite direction, thus continuing the movement. 

Gauiier's Motor. — This apparatus was designed ^ 
enable a long stroke to he obtained, thereby '^ 
creasing the power of tbe connecting-rod, although 



Gautier'a Motor. 99 

the attraction necessarily only took place through a 
7ery ehort distance. For this purpose a series of 
doable electro-magnets were arranged side by side 
in pairs, each pair acting on ratchet wheels fixed to 
tbe rotating shaft. The electro-magneta of each set 
*ere placed one before the other with respect to the 
ratchet wheel, and the armature was carried by a 
jointed frame whose extremity acted on the ratchet 
"iwel by means of a catch. These armatures worked 
freely in two notches in the sides of the frame, and 
wnld consequently be lifted up if, the frame con- 
tmning its downward movement, a rigid obstacle 
•ete encountered. This arrangement solved the 
problem M, Gautier set himself. From this positiou 
of the electro-magnets one before the other, and the 
iTOrkiiig of the frame carrying the armatures, it 
W5!ilt«d that, supposing one to be at a distance of 
S millimetres from the corresponding electro-magnet, 
tbe other might be at double that distance ; the 
'*wiunutator being properly arranged with respect to 
■tte teeth of the ratchet, the current would excite 
tfiefirat electro-magnet, and would not arrive at the 
•cond till its armature was sufBeiently lowered, in 
Mnsequence of the inclination of the frame pro- 
oMed by the first armature, to act effectively and 
oonble the angle of fall of this frame, thereby 
"tting one tooth of the wheel escape. This action 
"•eing accomplished, the next set of magnets comes 
Wtoplay in the same way, and it will be understood 
W the movement is continued. As will be easily 
*6D, these seta of e/eefro-niagneta may Vie ol a.'o.'^ 
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number, but M. Gautier considered that three were 
sufficient to obtain good resulta. To obviate the 

effectsof remaining magnetism, he arranged a second 
battery and snitabla commutators, so that a weak 
current in the opposite direction was sent through 
the coila of the electro-magnets which had accom- 
panied their attractive action. 

EoussUhe's Motor. — To overcome the great difficulty 
of the very short stroke given to the movable parts 
subjected to the electro-magnetic action, Boasailiie 
fitted to one of these, say a horizontal tranaversfl 
piece, a series of bars each shorter than the previons 
one, and movable in the interior of the holes in 
which they were fitted. These bars carried at one 
end a soft iron armature, and at the other a head 
which kept them up when the horizontal piece « 
lifted, so tliat all the armatures formed a sort of steps. 
Uuiler this aeries of armatures was a set of electr* 
magnets, each on a shunt from the main circuit, M 
that the battery might give to each the same foros 
that it would have exerted alone. With Uii 
arrangement, the lowest armature, being within 
attractive distance of its corresponding magnet, 
produces a lowering of the transverse piece equal til 
the distance separating the annature from the eleo 
tro-magnet (say 3 millimetres); but this lowerij 
entails the approach of the second armature ioi 
magnet, which, acting in the same way as the £ 
lowers the bar still further, doubles up the rod of ti 
first armature into its case, and brings the 1 
armature within tiie attiatfeo. of the third elec 
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lif^et. This contimies through the whole seriea of 
retro-mftgneta, and the result is that the movement 
t the bar, which in the first instance was 3 milU- 
letres, is now raised with 100 magnets to 30 centi- 
tres, which distance is about equal to that of tbe 
and fro movement of the piston in an ordinary 
^all steam-engine. 

To obtain a greater force with leas intensity, 
EouBsilhe arranged the aforesaid electro-magnets on 
several concentric circular linesj which required, for 
each series of electro-magnets in each circumference, 
i cross-bar provided with its rods and armatures. 
But as the attraction, which should be equally 
distributed round the central axis working the 
machine, would require the armature rods to be the 
e length for each circular bar, and could only be 
decreased in the common radius of these bars, the 
inventor preferred to make them annular armatures, 
Bnpported by four small bars, which might then bo 
led to a rigid cross-piece supported by the connect- 
ig-tod of tbe motor. These bars decreasing towards 
the centre of this assemblage of concentric rings, it 
Iiappens that when the arrangement is raised these 
, form in connection with each other a sort of 
wnical figure above the group of electro-magnets, 
"hich may be coiled up spirally like a snaiL At the 
first attraction the first ring is attracted, then the 
second, third, and so on till they are all brought close 
9 electro- magnets in the same plane. Now, the 
Wanltof these succeaaive attractions is that the croas- 
w to which the connecting-rod is fixed acquires a 
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considerable length of stroke, and in conseqtioiice, a 
movement is conunnnicated to the beaia which f 
supports this rod. This movement being prodoced 
in the same way on the other side of the beam, bf 
means of a similar electro-magnetic application work- 
ing alternately with the first, a to-and-fro movemant 
is obtained, which can be transformed into ro^ 
motion in the same way as that of steam-engineB 
made on the same plan. 

Fellis and Henry's Motor. — At one time there was 
much talk about this motor, in which the increase^ 
play of the parts set in motion under the electrO" 
magnetic influence was obtained by means of *>»*' ^ 
iron funnels fixed to the armatures and of conie-^^J 
poles for the electro-magnets. This arrangeL,_ 
already mentioned on page 39, is shown in Fig. 5C---^^ 




but this plan, besides not being new, having 
first demonstrated in 1849 by Hjorth, offered c=»^ 
special advantages, owing to the decomposition ^^™ 
the attractiye force taking place in tiiis case, aC^" 
the continaed displacement of the polarities excite ■*" 
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The question of electro-motors was not solyed by 
lliis apparatus any more than by others. 

De Sars' Motor. — This is a modification of that of 
Bom, with an electro-magnetic arrangement which, 
Kcording to the inrentor, avoids the disadyantages 
dual magnetism. It consists of a large 
dectro-magnet with two arms, of which the bobbins 
fct separately under the influence of a commutator, 
•0 ttat the electro-magnet always acts as a one- 
Is^ed electro-magnet. Between the arms of this 
itero-magnet is pivoted on the cross-bar a piece of 
hich acts as a third magnetic core, and which 
. at its other extremity two soft-iron armatures 
1*0 pivoted, suspended above the two magnetic 
poles, on the side opposite to the pivots, by two con- 
-rods ; these rods keep the movement of the 
•nnatures nearly parallel, when the magnetic attrac- 
•ioD tends to displace them laterally. The bobbios 
w the electro-magnets are wound so as to furnish two 
[»lea of the same sign, and the piece of iron support- 
"g Ihe armatures is terminated by a lever, which 
■WBupon thecrankof the motor and the commutator, 
^nia ia of mercury, and arranged so that the current 
P*We8 through the bobbins alternately after each 
■lOTement to right or left of the intermediate arm. 
'he result of this arrangement is that, though the 
"fictro-magnet acts under the influence of one bobbin 
^3 nt a time, the attractive force developed on the 
""'atiire is the result of a reaction produced by two 
""trary magnetic polarities ; for the oscillating arm 
^ the two armatures fixed to it are polarised, as 
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well as the croes-bar itself, in the opposite senee t 
the acting pole of the bobbin. Aa in Koux' 
nonnal attraction is therefore produced, which forca 
the armature to one aide, thus inclining the oscil- 
lating piece to which it is fixed in the opposita 
direction to its original position ; which results in an 
action on the crank of the motor and on the com- 
mutator, which sends the current into the other 
bobbin. But as the pole developed on this bobbin 
IB of the same sign as the other, the cross-bar and 
the magnetic core of the first bobbin are polarised >*^ 
the contrary direction to this pole, as well ea tJ>*l 
oscillating arm, which does not vary its polarity, al** 
the contrary polarity which the magnetic core • 
the first bobbin possessed has its residual magnetis^ 
completely destroyed by this means, just when 
might exert a detrimental effect on the raising of th'' 
armature first attracted, 

2nd. Motors with Direct Eoiary Motion. 
In this sort of motor, some idea of which may bei 
obtained from Froment's model, represented in 
JFig. 35, the armatures are generally arranged round 
the circumference of a wheel or a cylinder, and snc- 
cessively receive the action of electro-magnetB 
arranged in a circle outside this wheel, consequently 
exercising the same effect as water falling into the- 
bnckets of a water-wheel. Among the early models, 
we shall notice particularly those of Larmenje-a^ 
Camacho, Cance, Trouve, Cazal, &c. That of Larmen- 
jeat has, however, a peculiarity of axrangemeDt 
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iliich distingttiBhes it in a measure from ordinary 
direct rotary-movenieBt electromotors ; we shall 
MDseqnently describe this very fully. Besides, it 
was this motor which, with that of Rotix, attracted 
the greatest attention at the Exhibition of 1855 ; 
and the experiments made at the Conservatoire led 
Beoquerel and Tresca to the following conclusions : 

"Of the four machines submitted to experiment, 
only two, those of Larmenjeat and Roux, have shown 
reenlts capable of furnishing useful deductions, 

" Larmenjeat's rotary machine gave for minimum 
expenditure 4 '5 kilogrammes of zinc consumed per 
hone-power per hour. Taking into account only 
the net price of zinc, say 70 centimes a kilogramme, 
uid Inaying out that of the acids employed, that of 
fte waste in the cells, etc., we find that this con- 
wmption will cost about 3 francs 25 centimes per 
hotse-power per hour." 

It will be seen by this what small lesults had 
l«en attained in 1855. 

Iccrmenj'eafs Electro- Motor. — Larmenjeat very 
''werly applied to his electro-motor the plan of 
"Ocular three-pole electro-magnets, which we have 
'eiKesented in Fig. 12. Id this machine, shown in 
'ig. 51, the armatures of the electro-magnets are 
*OT»ble. The armatures M M M are formed of six 
"flinders of soft iron, which turn on their axis by 
Oeaas of pivots 1 1. These cylinders are placed 
'JHunetrically round circular electro-magnets, which 
"6 three in number, and fixed together on the 
of rotation, A. Only one of these electro- 
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magnete ia Bbown in the figore. They are eadi, ii 
may be seen, composed of three discs of iron cnt <bi 
their circumference, so as to give six iron contaet 
points and six copper parts, filling the interrab to ■ 




depth of about a centimetre. These copper piecM 
are double the width of the iron ones, and the ring in 
the middle, according to the researcheB of NickBb 
is double the thickness of the outer rings. 

The three electro-maguets, making together t 
length of about a metre, are so arranged with resfe^ 
to the diyiaione of their discs, that the iron oontwt 
surfaces of each should not be in a straight line, BO 
that the magnetic action, exerted on the soft-iio'> 
cylinders by the iron pieces representing the polW 
of these circular electro-magnets, takes place in the 
different points of the circomference corresponding 
to the copper pieces. 

The commutator, represented at K to the left oi 
the figure, is composed of a part moving with tie 
axis, the wheel B, and a fixed 'part represented by 
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ircles, C C and C C The wheel E is formed of 
; metal pieces. To the circle C C, concentric to 
[ C which holds the armatures, are fasteoed the 
filers r r' r", which press on the wheel during its 
otation. Hach of the rollers r / r" is in connection 
Irith one of the circular electro-magnets, and the 
Barrent is brought to the conducting plates of the 
wheel R by a brush P. 

To regulate the position of the rollers r r' r" with 
respect to the conducting portions of the wheel R, a 
■Kmall lever S was fitted to the circle C C, and this 
lever, by working an adjusting screw in a groove 
oade in the circle C, can adjust it bo as to alter 
the degree of pressure of the three roUors, and even 
e it sufficiently to completely change the direc- 
tion of the movement of the machine. It is easy, 
*ith this arrangement of commutator, to regulate 
lie passage of the current info the three electro- 
'^agnets, and to make them act successively. 

It will now be easy to understand the working of 
***6 apparatus. When the armatures M M are at a 
^'Utable distance to be attracted by the iron pieces 
'^f the electro-magnet F, the current will circulate 
*liroug|i this electro-magnet, and the effect of the 
attractions exercised by these six iron pieces on the 
*•* armatures will be, to turn the electro-magnet, 
**'d consequently the shaft A, one-third of the are 
^•responding to the space between the pieces of 
"^H. By this movement, the irou pieces of the 
*^coiid electro-magnet are brought under the attrae- 
**Oft of the armatures M. M, from which arises a 
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further movement, producing a third attraction on fill 
part of the last electro-magnet It then becomes tbfl 
turn of the first electro-magnet F again, and the prfr 
ceding actions are repeated indefinitely as long as the 
current is supplied by the commutator K. Lannen- 
jeat might have fixed the armatures M M, but by 
making them revolve there was no fear of their 
bending, and it was possible to bring the discs of tha 
electro- magnets nearer in consequence. This arrang®" 
ment is, as may be seen, extremely simple, and bs 
given relatively good results. 

Cazal'a Motor, — This motor, exhibited in 186 
and designed to work sewing-machines, consist 
of an electro-magnetic bobbin or multipolar electr" 
magnet of great surface, formed of rough caS 
iron, in order that its cost of production mig^J 
be as low as possible. The motor, which may ' 
fixed or movable, includes a bobbin and armatoJ 
mutually attracting one another, and revolving whe 
excited by the current. Sometimes the bobbin tur* 
in the interior of the armature, which is then rinj 
shaped, and sometimes the armature has a cylindrici 
form, which then turns round the fixed bobbin. BoC 
of them, armature and bobbin, have in their cl^ 
cumference hollows which are filled with magnet- 
cally insulating composition; so that when tb 
current passes, only half the surface is magnetisec 
the other half remaining inert A commutato: 
having on its surface as many conducting bars 8 
there are divisions of tlie bobbin and armature, dis 
tributes the current; the motor may be revolve- 
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bom left to right, or right to left, according to the 
^yoation in which the commutator is placed, or the 
direction in which it ia worked ; bat once started, the 
rotation continues in the same direction, which is 
indispensable for sewing-machinee. The aewing- 
Wehine to which it wae fitted at the Exhibition of 

IR, worked with the current from a battery of 

toBnneen cells. 

Oamacho's Motor. — The style which Camacho 

ems to have preferred, ia that shown in Fig. 50, 
onlj the electro-magnets which he adopted, and 
iihioh were four in number, were multitubular mag- 
nets wiiich he made square, that they might act 
oiore regularly; the armatures were composed of 

large number of iron plates magnetically insu- 
laled one from the other by means of cardboard. 
These armatures, of which we have shown the ad- 
''antages on p. 16, were of considerable breadth, 
Md were in consequence somewhat bent ; their 
employment in this kind of electro-motor is the 
more advantageous, since the electro-magnet, by 
ffiaaon of the multiplication of its tubular cores, 
■Wi act longer upon them by its lateral attrac- 
tion, as each core may exert its individual attractive 
Effect on the armature, and also that, by reason of 
"IB square form of these cores, the sides which 
*w the armatures exert their power parallel with 
'he plates of the latter. The commutator of this 
apparatus is itself an excellent arrangement, as it 
"iowa of modifying at will the duration of the 
■Oake and break of the current. For this purpose 
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it is fitted with contact plates cut sIoptDg. WitB 
two rubbers arranged on adjusting screws, the con- 
tacts may be made to take place near the ns 
or broad end of these plates ; and consequently pn^ 
duce short or long contacts. With electromolon 
of the class of which we are now treating, it ii 
difficult at any time to know when the closing of 
the circuit should begin and when it should finifiii, 
and this arrangement allows of easy regulation 
after one ot two preliminary experiments. ThfflO 
machines, as we have already said, have fumidiel 
fairly good results ; they worked sewing-machin* 
and mechanical pianos very satisfactorily at the Exl*' 
bition of 1875. In order to avoid the employm©^ 
of Bunsen batteries, which are very wasteful 9^ 
disagreeable on account of the fumes given off '^ 
them, Camacho employed double liquid bichrom^^ 
of potash cells. 

Chutaux's Motor. — This machine, with the exce; 
tiou of the electro-magnets which are ordinary one 
very much resembles that of Camacho ; like hiir^ 
Chutaux employed multiple armatures, only the iroi:^' 
sheets which composed them, instead of being magS 
netically insulated by means of cardboard, wer^ 
insulated by being galvanised, and the tin deposiV 
was thick enough to obtain sufBcient insulation, By4 
reason of the similarity of these two motors, a law- 
suit took place between the two inventors, which* 
showed that, if Camacho first thought of usingi 
multiple armatures in motors, Chutaux had first - 
patented the idea ; besides it appeared that Froment ■• 
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himself Iiad constructed ammtuieB of this kind, which 
were found amongst a quantity of electric odds and 
ends of all sortB, which he disposed of before his 
deatli, The commutator of Chutaux's motor has 
nothing to distinguish it from others, beyond two 
sdjasting screws on the bruahes which enable them 
to be regulated aa they are worn away by the 
Bparkmg. This arrangement had, however, already 
teen employed in other machines. The trials made 
of this motor, at the Exhibition of 1875, were also 
tolerably satisfactory, and it appears from several 
letters from M. Debain that it also worked 
mechanical pianos. 

Cance'a Motor.—Caace uses in his motor the 
multiple-cored electro-magnets described on page 16. 
There are only two of these magnets horizontally 
arranged one before the other ; the armatures, five in 
*ilimber, are arranged on the radii of a sort of star, 
**f which the centre is the driving-shaft, which is 
therefore of course vertical. This shaft goes tlirough 
'Oe bed of the apparatus between the two electro- 
magnets and the centre, into which are fitted the 
^Pofcea of the wheel which should be of wood or 
"fonze, is so arranged that when the armatures 
^'^ive in the neighbourhood of the axial line of the 
^'^ctro-magneta, their lateral faces coincide with 
'"'8 line. Prom this arrangement it results that, 
*Oen one armature is before one of the electro- 
'^'agnets, it is first attracted by the arm of this 
^''ftgnet nearest to it, and as this attraction is 
""ccesBively exerted by the different magnetic corea 
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of this arm, it is soon brought within reach of til 
other arm, which then acta on it with its differen 
cores as in the first case, until its lateral face hs 
attained the axial line of the electro-magnet. Ttu 
current ia then broken, and aa, with this kiad oi 




electro-magnet, the remaining magnetism ia verj 
much diminished, the motor continues its course ■ 
until the second electro-magnet placed at the oppo- 
site side has commenced in the same manner itt 
attractive action, which, however, takes place almost 
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tly, by reason of the number of the armatures. 
ihis arrangement each electro-magnet acts as if 
ipresented two electro-magnets placed side by 
and, as with multiple-cored electro-magnets, the 
fnetic field is very much extended, since it is in 
portion to the number of cores, and by this means 
f be obtained with a single electro-magnet a con- 
irable attractive course, which reached nearly 10 
tiuietres in the model constructed by Cance. 
with ten medium-aized Bunsen cells, gave 
Bcient power to work a lathe, and turn a piece of 
pd 10 centimetres in diameter. M. Cance has 
intly perfected this motor, and made it into an 
iction machine, which was exhibited at Paris in 
M, and is shown in Fig. 52. This machine is of 

then reversible. 

De Bars' Motor. — This is founded on the same 

inciple, as regards the arrangement of the electro- 

^ets, as that of the same inventor already 

iribed. As in that, the residual magnetism of the 

l^ets not in action is almost destroyed at the 

Mnent when it might be disadvantageous. 

The motor consists of a crown of tubular electro- 

l^ets, slightly oval, on which roll, carried by an 

1 cross-bar, cylindro-conieal iron wheels, of which 

number is leas than the electro-magnets, so that 

ley may be at any moment in different relative 

litions to the electro-magnets. By this means 

>se wheels, which act as armatures, are never out 

action ; there are always at least two which are 

der attraction. Further, as these wheels run on the 
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iroii coTerings of the electro-magnets which sn 
always polarised id the same direction, the whol 
system of armatures, including the cross-bar carryini 
them, partakes of the polarity of these eoveringi 
and communicates to the cores, when the current ii 
not exciting them, an inverse polarity to that whid 
the current gave them, which destroys, as we baW 
said, the remaining magnetism. The driving pulley 
and also the commutator are placed on the asia <^ 
the cross-bar which carries the rollers ; this conunii" 
tator is nothing very remarkable, and consisfa of &' 
wooden cylinder fitted with a brush of metal wire^i 
which turns round a series of contacts in connectiiffl 
with the different electro-magnets. 

It will be easily understood that, by patting 
anolher set of magnets baao to base with those in itfl 
first - mentioned circuit of electro-magnets, and 
arranging another corresponding cross-bar with iron 
rollers, a double efiect will be obtained. 

"We may add that these cylindro-conical rollersaB 
hollow, in order to present less magnetic and mecha- 
nical inertia. 

Trouves Motor. — M. Trouve has at various times 
constructed a number of different motors, Boofl 
of which are everywhere known under one form ot 
another, to turn small instruments, more especially 
Geissler tubes. 

The most simple form of these motors consists trf* 
hoop of iron, provided inside with two eulargemento 
shaped like ratchet teeth, inside which work t«o 
straight electro- magnets placed end to end. On * 
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int being gent through these when near the 
of the hoop and interrupted as thej paas 
the apparatus is set in motion, precisely aa if 
two enlargements were two separate armatures. 
ij making the iron hoop also movable, two 
Dsite moTements are obtained, the ooe from the 
in and the other from the reaction, thus demon- 
ting the law of mechanics that the two are equal. 
fixing the electro-magnets, the hoop turns with a 
fed which may be calculated by the number of 
olutions it makes a minute, and by stopping the 
p and leaving the electro- magnets free, these 
turn with a speed which may be shown to equal 
af the hoop, if the two masses are equal in 
rtia. 

'he other motors of M. Tronv4 resemble those 
iribed on page 65. One consists of a great 
iber of electro-magnets forming a sort of mag- 
ic wheel, which, as in Wheatatone's and Froment's 
tors, is fixed by its centre to the driving-shaft, 
I revolves inside a ring of soft iron by means of 
iperly adjusted mate and break of current. This 
worked by a very ingenioua commutator, as to 
we must say a few words on account of its ex- 
simplicity. It consists of an insulating disc, 
Kmgh which pass all the ends of the magnet coils 
tanged in a circle ; these ends being mechanically 
tiched to a point in the driving- shaft, the disc 
iribes a gyratory conical movement. Below this 
iwkting disc is another disc of platinum, held by a 
Wal spring, which is always in contact with one or 
i2 
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other of the wires of the first disc, in whatever posi- 
tion it may be. Whence it follows that if the 
platinum disc and the electro-magnets aa*e in conneo- 
tion with the battery, the ivory disc, by the movement 
of the magnets, will put the different ends of the 
coils in contact with the platinum successively, and 
the electro-magnets will consequently be excited one 
after the other. 

In another pattern the magnetic action takes 
place in a normal direction, and by means of a long 
connecting-rod acting on a crank the machine is set 
in motion. The electro-magnetic action is, however, 
not exerted on the armatures in the ordinary way; 
these are in fact not pivoted close to the poles, hot 
are held by a gudgeon working freely in a rigid piece 
placed between the two poles, and each electro-mag- 
net has only one bobbin. By the action of the 
oonnecting-rod these armatures then are raised, now 
above the north pole of the electro-magnet, and now 
above the south pole, and work as if they were acted 
upon by two distinct electro-magnets. Generally, 
M. Trouve fits these motors with only two sets of 
magnets, but he arranges the motive parts and the 
connecting-rod so that they may be removed at will, 
the electro-magnets being fixed, so that in this 
manner may be found the best length to give the 
connecting-rod to obtain the maximum effect. We 
shall see further on that he has also devised 
another arrangement, capable of application to the 
gyroscope. 

Allan's Motor, — Twenty years ago this motor made 
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1 talk, but it has, however, fared no better than 
Although the effects produeed by it in the 
rimetitB made in 1857 at the Conservatoire were 
rery satisfactory (26 kilogrammes of zinc con- 
sd per horse-power per hour!), we must, as a 
iful historian, say a few words about it. The 
twing is a description of it given at the time in 



Mr. Allan's machine is constructed on an entirely 
principle. A sort of endless chain is proyided 
nghout its length with soft-iron armatures ; the 
tro-magnets are arranged round a cylinder. They 
act the armatures of the chain and make it 
nee by successive steps in the same direction, 
chain communicates the movement to whatever 
lanism is required to be worked. One set of 
armatures is first brought noar to the corre- 
iding electro- magnets, so that the attraction may 
effect when the current is sent into the coils ; 
electro-magnets are excited, the chain advances, 
brings a fresh set of armatures before a fresh set 
lectro-magnets, which become active ut the 
Bent when the first set is rendered passive by the 
rpage of the current, and the movement continues 
le same direction as long as the battery is in 
ion. Instead of an endless chain, Mr. Allan 
ietimes employed a simple bar to which the 
Btro-magnets impart a to-and-fro movement, 
ill is transformed by well-known means into a 
Olinuous direct movement." 
Ib this the same Mr. Allan who about the same 
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time conBtnicted an electromotor in which a 
armature of tlie Siemens type was reToIved betwei 
the poles of a powerful fixed magnet? In 
American patents such an apparatus under 
name will be found. 

Pulvermaeher's Electromotor. — This inventor ( 
Btructed a direct rotary motor in which be employa 
elieet electro-magnets, similar to that shown il 
Fig. 15, and to avoid the production of indacsl 
currenta and Bparking at the commutator, be e 
ployed a carbon arrangement as commutator 
which the current was gradually broken, thus cons 
tnting a sort of unduiatory current. It was said that 
this motor worked well, but we cannot ascfirtain 
what force it developed. 

Mari4 Davy's Motor.—" This motor," said Becqnertl 
in a report made to the Academie in 1858, " is com- 
posed of sixty-three eloctro-magnets, arranged 
equal distances round a wooden circle, inside whidi 
is a copper circle ; all the electro-magnets have theil 
axes [lointing to the centre of the wheel, and that 
surface coincides with the concave surface of ll* 
copper circle. Inside this large wheel there are t«W| 
others whose radius is one-third of that of the Si« 
and both are provided with copper circles insidaJ 
These wheels have each twenty-one electro-magnetq 
at equal distances, pointing towards their commotfj 
centre, whose polar surfaces coincide with the coa* 
cave surfaces of the copper circles. The small wheels 
can thus turn without friction inside the large wheel, 
and work by their movement the shaft of Ac 



Marie Davy's Motor. 119 

BEhine which coincides with the axis of the large 
faeel. The movable electro-tnagneta thus come 
Bccesaively in contact witli the fixed electro-mag- 
uIb. Both large and small wheels are provided with 
jearing, which maintaioa the coincidence when once 
ttablished. 

"The machine is bo arranged that the electro- 
Mgnets are uuccesBively pot in communication with 
the battery, and receive opposite polarity to each 
^poBite pair of electro-magnets as they come into 
Ktion. 

" M. Marie also replaced the inner wheels provided 
Bith electro- magnets, by others having only arma- 
hrea of soft iron ; the movable part ia thus lighter 
liid the gearing becomes unnecessary. The soft-iron 
kfaeels then turn like rollers on the interior surface 
t the outer wheel, so as to come in contact succes- 
irely with the electro-magnets at the moment of 
lieir magnetisation." 

though Marie Davy's machine waa only copied 
that of Froment, a sum of 2000 franca waa 
ted to the inventor to make experiments on a 
scale. We have not heard if these trials ever 
,6 to anything, and it may be doubted whether 
have produced ajiy more advantageous resulta 
those ah'eady mentioned. Nevertheless, if 
Davy's motor has nothing new in its electro- 
letic arrangement, the paper presented by him 
subject contains some interesting reflections 
electromotors, and it is doubtless on account of 
paper that he was rewarded. Among the 
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coDclnBions therein arnyed at, there is one whid 
may be interesting to mention here, and we give 
following extract from the said paper : — 

" He thought " and rightly too, " that to obtain 
maximum effect in these machines, the elect 
magnets and armatures should be allowed to act I 
actual contact was produced, since the electromoti 
force, as he proved by calculation and experimd 
decreases so rapidly with the distance, that wfa 
two electro-magnets are brought from a distance 
contact they develop a quantity of work of vhich 
are in the last millimetre, and Lalf the remainder 
the last but one. Now, in most rotary elech 
magnetic machines constructed up to tbe preso 
time, the movable armatures pass rapidly before fis 
electro-magnet*, following a line perpendicular 
tbe axis without actual contact. Thus all the wffl 
that might be obtained is not utilised." 

Se MoUn'3 Motor.— Conat de Molin is amoi 
those who persisted in the belief of the euecesa i 
electromotors, and in fact he kept it to the end 
for he was surprised by death in the midst of t 
researches, and when he had just succeeded ia worl 
ing with his own machine a small boat cartjin 
fourteen persons on one of the lakes in the Bois i 
Boulogne. It is true that the trials made, at tl 
Conservatoire des Arts et Metiers, of the power 
this machine showed that it only developed a foi 
not more than a seventh part of a man-power; ^ 
being assured thattwo strong men would be requil 
to row his boat containiiig fourteen personi 
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ielieved the problem partly solyed, and died in this 

. In 'Lea Mondes' (vol. viii. p. 161, 

B&c.) may be found reports of the trials undertaken 

■l)y him in the years 1865 and 1866, which trials 

^Bttracted a good deal of attention at the time. The 

lowing ia the description given by De Molin, of his 

ratua in a memoir sent to the Acadomie des 

aces in October 1866 : — 

"The force of electro-magnetic attractions ia well 

faiown, and I have often asked myself why the 

motors based on this principle produce so little effect, 

the eighth part of a man-power from 30 large Bunsen 

cells; and X have always attributed it to reaiduel 

magnetiam, 

"I then thought that thia kind of motor should 
Mt slowly, to give the fluid time to accumulate and 
disappear, and that the moving parts should be made 
to continue their action till contact, but avoiding a 
^hoek, and producing direct rotary motion, 

" Ihe arrangements I have adopted are these : on 
two parallel planes, I arrange in a circle concentri- 
"^"y to the same axis two rows of electro- magnets, 
[ **y sixteen in each plane. On the same axis, between 
I "'s two planes, I place a bronze wheel with a shaft 
I Waicli does not revolve fixed in its centre, which can 
I osoil]a|g in any direction roTind its other end. To 
I "Dtnin t]ijg movement, two concentric revolving rings 

■ are used, the two axes of oscillation being perpen- 

■ <ucvll^^p to each other. When the current is sent into 
I '"ift electro-magneta tiie wheel will be attracted by 
I *Wo diametrically opposite poles, the two magnets 
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coming into contact ; and if we neutralise 8uceessivel| 
on each side the electro-magnet placed behind, tin 
wheel will be carried without a shock on to thfl 
following bar, and thia throughout the whole circuioa 
ference, and the shaft will then have described a coaj 
in space. 

" The greatest distance between the zone and th»; 
armature is 34 millimetres, and the least half > 
millimetre, except, of course, actual contact; th* 
wheel ia 95 centimetres in diameter. There ^" 
always sixteen electro-magnets in action, eight <* 
each sign. I was able, by gradually tighteniog tw 
brake, to vary the velocity from 20 to 3 revoluti"** 
per minute without diminisliing the available woi* 
which appeared to me a valuable quality i& 
motor; and I concluded from this that the va^ 
within the limits of a certain speed, is proportio*^ 
to the quantity of electricity produced. I h^l 
applied this apparatus with 20 Eiinsen cells | 
propel, by means of a paddle-wheel, a ferry-bc^ 
on the lake in the Bois de Boulogne, carryi^ 
fourteen persons against a head wind ; the worf 
developed was estimated about equal to that of t^ 

This description not being very lucid, we think fl 
advisable also to give that of the Abbe Moigns 14 
vol. si. of ' Les Mondes,' p. 417, as follows : — 

"This simple and raassivo motor is a yerticaS 
bronze wheel provided on each flank with sisteed 
armatures, which in turn yield to the attraction ol 
sixteen electro-magnets fixed on two circles parallel 
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to the wheel, and placed vertically, one to the right, 
the other to the left. The metal wheel does not 
revolTe ; it only oscillates round its centre bo that 
each of the armatures euccessively comes in contact 
with an electro-raf^et, drawn along by the magnetic 
attraction which is the motive force of the system. 
Let lis snppose a group of these successive armatures, 
^le first and most distant will bo at a distance of 
li millimetre from ita corresponding electro-magnet, 
tfa.e second 1 millimetre, the third J a millimetre, 
*nd the fourth in contact. As soon as the contact 
is made, the current exciting the electro-magnet is 
broken, the armature, soon getting rid of the remain- 
ing magnetism, detaches itself, and withdraws, again 
to come in contact when its turn is come. 

"The efficient working of the apparatus depends 

On the regularity of the commutator, the contacts of 

*hioh, being protected from the destructive effects 

**^ sparking, should remain perfectly clean. To 

*Dlfi] this last condition, the most difficult of all, the 

^°mmutator works inside a trough filled with water 

?^ which a little potash is dissolved ; this is renewed 

y letting it off by a cock when it is dirty. The 

'^'l^ent exciting the motor is furnished by a battery 

* 20 Bunsen cells. 

*' The motion produced in the wheel by the attrac- 

y^^^ti. is communicated to a shaft which, by means of 

^o endless chains, works the two paddle-wheels of 

**^ boat." 

r -According to this description, we may believe 
*.-t thifl motor may be classed with those of Wheat- 
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stone, Froment, and Mari6 Davy, which we haye 
previously described (page 60). 

The experiments made in 1865 at the Conserva- 
toire des Arts et Metiers with this machine, led to the 
following conclusions : — 

" 1. The greatest work developed by the machin® 
per second may be estimated at 3*112 kilogram^ 
metres ; that is to say, taking 8 kilogrammetres 9^ 
one man-power, it can famish onenseventh part of ^ 
man-power. 

^'2. Its least consumption amounts to 17 kilo^ 
grammes of zinc per horse-power per hour." 

These results, as may be seen, are but indifferent 
However, there was a great deal of notice taken of 
this machine at one time. 

BecquereTs Motor, — This arrangement, which pre- 
ceded that of Larmenjeat, described page 105, is 
founded on the same principle; only, not being 
intended to produce great force, it is only provided 
with one circular magnet instead of three, and this 
electro-magnet has besides only two poles or rings. 
Here the soft-iron cylinders serving as armatures are 
replaced by fixed electro-magnets in the interior of an 
iron circumference, like those in Froment*s motor, 
represented in Fig. 36. The electric action is exactly 
the same as in Larmenjeat's motor, only the com- 
mutator has to be more complicated, in consequence 
of the double action required of it. 

Becquerel was enabled to demonstrate, by means of 
this apparatus, the truth of the reasoning we have 
given concerning the contrary effects of induced cur- 
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Knts. Tbos he tcnmA that the maximum velocity of 
the motor was obtained when the circular electro- 
magnet was in its natural state, and when the ends of 
te wire wound on it were not joined, which, aa will 
Easily be understood, would prevent the development 
<*f this induction current. 



. ELECTEOMOTORS IHTO WHICH QRAVITT IS 
IHTEODUCED AS A SOURCE OF POWER. 

Many, Beeking perpetual motion, have racked 
*l»eir brains to destroy, by the lengthening or 
^Viortening of the lever, the equilibrium of a wheel 
l*»T)vided with counter-weights. In spite of all their 
attempts, they were always obliged to come back to 
S«t in some manner, either on these weights, or on the 
levers supporting them. This problem, so dear to 
Certain mechanicians, has lately been taken up by 
several persona introducing electricity as an auxiliary 
agent. Home wished to employ electricity to raise 
the weights whose fall had promoted the rotation of 
the motor ; others, perhaps with more reason, tried 
simply to use electricity to modify the length of the 
levers supporting these weights. Among motors of 
this kind we will describe one constructed about 
twenty years ago. 

Let us imagine, fixed on a movable horiitontal axis, 
M (Fig. 53), some strong equidistant spokes, rec- 
tangular in shape, and constmeted of a non-magnetic 
substance ; we will imagine tliat these spokes have 
strong sheaths or cases, which can slide freely length- 
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wise, made of copper, terminated at their free end by 
a strong piyot.on wliicli revolves a very heavy iron 
wheel. A, A', A", &c ; now let uasnppose that from 
the point B to C are arranged in a straight line B 




a series of electro-magneta, one beside another. H 
will easily be underBtood that, if the wheels A, A', A" 
have their circumference cut and shaped like the 
iron discs of the circular electro-magnets of Larmen- 
jeat's motor, i. e, composed of alternate copper and 
iron pieces, they will, by means of a commutator 
sending the current successively from one electro- 
magnet to another, be attracted from point B to point 
0, moving their support forming the cases of the 
^ spokes of the shaft M, and be left to themselves 

^L when leaving point C. The weight of these wheels J 
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then being unequally distributed ou the two sides of 
, the motive -shaft, in consequence of the inequality of 
the length of the levera to which those weights are 
bttacbed, this shaft is set in motion; but to make 
th-is motion continuous, these arms of the lever, on 
nrliicli the wheels A, A', A", &c., act by their weight, 
mast be shortened immediately on falling from 

D to r>. 

To accomplish this the copper sheaths or cases 
papportiog the wheels A, A', A" are provided with 
Btroxig pegs, on which are pivoted rods G H, G' H', 
c., turning on a common axis placed laterally and 
eccentrically at K on the aide of the wheel. These 
rods had at G a small slit, of which we shall soon see 
the use. These same copper sheaths are also pro- 
■vided with strong pieces of iron I, I', &c., at their 
lower end serving as armatures to the electro- 
magneta 0, C, 0", &c., fixed on the spokes of the 
motive shaft. 

With this arrangement it will easily be understood 
that the rods G U, G' H', &c., having their centre of 
motion outside the shaft and on the side C, will not 
tend to shorten the arms of the lever JI A, M' A', &c., 
as long as these are attracted by C ; but when they 
are carried to the opposite side, these rods will draw 
to them the sheaths and the wheels A, A', A", &&, 
' thus shortening the arms of the lever. At the same 
moment that this shortening is completely effected a 
current will be sent by the commutator into the 
electro-magnets 0, 0', 0", &c., which will then be in 
contact with their armatures I, 1', &o.; then the 
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arma of the lever M A, M A', &c., will be stistaini 
at their minimum length till the wheels A, A', Su 
shall again reach the electro-maguet E. At til 
moment the commutator breaks the current in tb 
electro-magnets 0, O', &c., and semis it again int 
the magnets E, E', &c., whit.'h again lengthen til) 
arms of the lever M A, M A', &c. It is to enabli 
the rods G H, G' H', &e., to extend themselves whei 
the spokes M A, M A' approach the electro-magnett 
E, E', &c., that a slit was adapted to the pivoting td 
the rods G H, G' H', &c., to the sliding pieces of lla 
wheels A, A', &c. It is needless to aay that all tb* 
actions of wliich we have jnat spoken are succesaJM 
and repeated for each of the wheels A, A', A", A* 
It follows thiit when one of these wheels no longW 
acta to turn the motor, there are always two 
behind to exercise their action. 

rv. LOCOMOTITE APPAHATU8. ' 
From the year 1851 we ourselves had an idea of 
running on arod, composed alternately of magnetisW' 
and noil -magnetised parta, an arrangement of bobbins 
80 diapoaed as to be auccesaively attracted by the 
magnetic parts of the rod one after another, Fi* 
this purpose the bobbins, which were three ^ 
number, were supported on rollers to facilitate tb^ 
movement, and carried a commutator, which 0*>*J 
sent the current through one or another of tU**^ 
when the attractive action of the coils on the ™*^' 
netised pieces of the line could be efficiently utili^^' 
The description of this apparatus was published 

\ 
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rat edition of a pamphlet on electromotors, 
, came out ia 1852, and the apparatus was con- 
ad by Breton Brothers ; bat the results were so 
erent that we have not mentioned this invention 
IT other publications. Nevertheless, this plan 
aken np again in 1864 by Bonelli, with the idea 
aliaing the transport of heavy things by means 
ectricity, which was, however, also in the mind 
le original inventor when he first conceived this 
To obtain this result, Bonelli established 
een the starting-point and the destination a 
idrical tube, divided in sections and provided 

coils throughout the whole length of its course, 
le this tube a coil of metal wire, smaller in 
leter than the hollow of the tube, received a 
;ressive impulse from the electro-dynamic attrac- 
exercised by the magnetised sections of the tube 
le movable coil through which the same current 
ed. 

ince this, several inventors, among them MQitzer, 
et and Eouvre, Gaiffe, &c,, have tried to solve 
same problem by so arranging the elements m to 
ititnte a veritable railway with an electro-raag- 
e locomotive moving on it. M^e shall now only 
(ribe the different arrangements which have been 
xjsed in this line up to the time of the discovery 
he reversibility of induction machines, reserving 
description in the second part of this work 

more important ones devised by Siemens, 
rez, &c. 
'^Uitser's Mectro-magndic Locomotive. — The foUow- 
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ing is the deecription given of this apparatiu' 
Count Marschall, in the report which he sent to 
Mondea ' of May Slat, 1866, of one of the meetings 

the Vienna Academie dea Sciences in 1865 : — 

" Twelve amall horse-shoe eleetro-magnets are 
fixed vertically to the arms of a six-pointed star, » 
that the lines joining their poles should be in the 
direction of the arms, the polar faces being directed 
alternately towards the two sides of the common basa 
The whole system rests on an axis which passes freely 
through its centre, and on a small guiding wheel. 
The plane of the star serving as a base for the eieotro- 
magnets is vertical with the horizon, and the two enda 
of this axis are permanently fixed to two wheela, of 
which the spokes are the electro-magnets. Whai 
one-half of these electro-magnets is excited by the 
electric current, the corresponding armatures are 
attracted laterally, and the wheels, as also (ieii 
common axis, revolve until the armatures are oppo- 
site their corresponding magnets, and the whole 
system moves along the rails fitted lor this purpose. 
This movement complete, a commutator fitted to the 
axis breaks the current in the six first electro-mag- 
nets and sends it into the six others, so that a fresh 
movement in the same direction takes place. The 
current is furnished by a generator whose poles art 
in communication with the rails. Every part o' 
the apparatus is properly insulated, so that the p*^' 
sago of the electricity from one line of rails to tb® 
other can only take place through the coils of tb^ 
electro-magnets." It will easily be seen that ti^ 
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iparatas is notliing more nor less than an electric 
oomotive, and we shall see that it is not so simple 
iBome we stall have to describe. 
Bdla and Rouwe's Ekdric Locomotive. — This 
lotor, constructed in 1864, and intended by its 
Bthors for postal purposes, is described in the 
bDovring manner by Caziu, in ' Les Mondes ' of 
Dec. 15th, 1864:— 
"On two iron rails nins a waggon carrying the 
nneepondence in a box ; the two hind wheels are 
H»per, and each carries twenty equidistant horse- 
loe electro-magnets. They are fixed radially, and 
ieir polar extremities are made flush with tbe tyre 
[ tiie wheel, bo that the rail acts as a continuous 
naature for all the electro-magnets as tbey revolye. 
h start the machine, the current must be sent into 
ebobbin nearest the rail ; its core is then attracted 
f the rail, and the wheel turns. The attractive 
Ke increases very rapidly as the distance between 
te magnet and the rail decreases, and it attains its 
.mum on contact. At ^his instant the circuit 
It be opened and the current sent into the foUow- 
the successive make and break of the 
it is accomplished by means of a commutator 
on the axle of the driving-wheels, and formed of 
insulated metal ring and an insulating disc, 
iring on its circumference twenty metal plates for 
iributing the current. The ring slides on a spring, 
which is fixed one of the conductors, and the dis- 
jbnting disc is held by another spring in contact 

Cti conductor from the battery. To each 
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metal plate on this disc is soldered the end of the 1 
wire from one of the electro-magnets, and the other j 
end 13 soldered to the ineiilated ring, bo that the I 
circuit is complete when there is contact between one f 
of the plates of the disc and the spring. The same I 
ring serves for both wheels, but each has its distri- 
buting wheel, and as the metal plates in the one are 
opposite the spaces in the other, the current is only 
in one electro-magnet at a time, first on one side and 
then on the other. And the electro-magnets of one 
wheel are opposite the intervals in the other, so that 
there is an attraction for every fortieth of a turn of 
the wheel. 

" The battery may be carried by the locomotive, 
but the inventors prefer a fixed battery, on account 
of the difficulty of management of a number of 
batteries and the cost of conveyance of a coi^idera- 
ble amount of dead weight, and also to ayoid the 
proximity of the battery to the correspondence. 
Therefore, between the rails are laid two wires, on 
which run metal rollers communicating with the 
spring of the commutator. These two wires lead to 
the battery, and it is evident that to stop the loco- 
motive it is only necessary to open the circuit." 

Qaiffe's Locomotive. — This is nothing more than a 
motor of the class of direct rotary movement 
machines, and the armatures act on a cogged wheel 
by means of a frame oscillating from right to left 
and from left to right, by means of two pivoted levers 
which support it. This frame carries two catches 
which act on the cogs of the wheel and turn it one 
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tooth for every movement of the frame between the 
electro-magnets. The commutator, as in all such 
machines^ is fixed on the axle of the driving wheels. 
An arrangement in the oscillating fraqoie enables the 
direction of the current to be changed, and it is auto- 
matically worked when the locomotive arrives at the 
end of its course on the little model line of rails. 
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SPECIAL APPLICATIONS OF ELECTBO MOTORS. 



Small motors have long been employed, as we 
have already mentioned, in certain acietitific experi- 
ments where ft rapid movement with comparatively 
little force was required, and more lately in certain 
induatriea, such aa sewing machines, wire-drawing, 
silk or cotton wire -covering machines, lathes, and 
instruments of precision. They have also been 
employed to drive boats, to work mechanical organs 
and pianos, and some telegraphic machinery, also 
in experiments in optics or acoustics, among others the 
rotation of Geissler tubes, which, with the arrange- 
ment shown in Fig. 54, produce very remarkable iu- 
minous effects ; and beyond the application that has 
been made of them to boats, balloons, tricycles, pianos, 
&c., as we shall show in the second part of this work, 
Trouve has applied them with advantage to work 
chronograph cylinders, gyroscopes, artificial breath- 
ing machines, revolving mirrors for measuring the 
speed of light ; he has also used them in certain 
chemical and mechanical indnstricB, such as 
mixing, drilling, sawing, or plaiting ; and by em- 
ploying them of very diminutive size, and making 
them perform sondry operations, he cooBtructed 
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electric jewelry and curiosities, which at one time 
attracted a great deal of attention. But one of the best- 
known applications of these motora is that of Edigou's 
electric pen. In this apparatus, shown in Fig. 55, 
the loechanical action to be eilected consists solely 
in giving to a needle a very rapid and very short to- 
and-fro movement ; the motor is reduced to its most 




mmple espression and to very small dimensions. It 
iS) in fact, fitted to the upper part of a sort of pencil- 
case, and does not occupy with its mechanism more 
than 4x4x2 centimetres. It consists of a small 
electro-magnet, before the poles of which is a hori- 
zontal axis pivoting on points, and to which a bar of 
•TOn, forming the diameter of a little fly-wheel, is 
"^ed, and this axis is also furnished with a cam 
^aich acts on grooves in the support of the perfora- 
^'^S needle. Besides this cam is a double eccentric, 
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which, acting on a contact epriag, separates 
approocheH it to a fixed button forming contact \ 




%. 



the armature coTresponds with the axial line oi 
electro-magnet, and also when it is at right an, 
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The perforating needle traverses the holder, and 
only protrudes beyond it a quarter of a millimetre 
when it ie at ita furthest. The little strokes of the 
needle perforate the paper written on, and by work- 
ing the pen with two Fowler bichromate of potash 
cells, ilfl speed is so great that the Hues traced by 
the point of the pen appear as continuous lines. 

Everyone, howeyer, knows the Edison pen, and 
there is no need to describe its manner of use ; the 
perforated paper serves to make as many copies as 
may be desired of the writing or drawing by means 
of inking the back, and putting it in a press, when 
Ibeink is forced through the holes. 

We shall see in the second part of this work that 
fecently these little motors have been much more 
utilised on account of the greater force that has 
'*eo obtained from them, and it is certain that 
'heir use will spread more and more. In the mean- 
*itm, we will describe some iuteresting applications 
*hichliav6 been made in experimenting instruments 
**' precision by Paul Lacout of Copenhagen, and by 
K Tronv6. 

Paul Laeour's Eleciro-magnetic Syren. — The little 
direct-acting rotary motors already described gave 
M-Paiil Lacour of Copenhagen the opportunity of eon- 
^roeting a little instrument very remarkable for its 
"Biformity of movement, which has been employed 
*ith advantage as regulator in certain instruments 
precision. The wheel in question is nothing 
^re than a small electromotor so arranged that, 
I actaated by elBctrio vibrations resulting from 
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an electric tuning-fork or pitch-reed, it acquirefl » 
moToment aa nnif'orm aa the vibrations of the jteA 
itself, and cannot be affected by erterior action, nnleffi 
eucti action is strong enough to stop it altogether. 
Fig. 56 showa this iaHtrumeiit in its simplest furm. 
As may be seen, it is a soft-iron cogged wheel 
movable round its axis, and before which is Qsed a 
Btraight electro-magnet, one of the polea of vrhicli 
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acts on the teeth of the wheel without touching 
them, in a similar manner to other direct rotary 
motors. 

If through this electro-magnet are sent a seriee of 
currents at equal interrala, regulated by the electric 
reed, its action on the teeth of the wheel will be a 
series of attractions, which will maintain an original 
movement comtnunicated to the wheel, and reader it 
completely uniform when this speed is such that the 
wheel will for each current travel a distance coin- 
ciding with the space between two consecutive teeth- 
Such currents are sent through an electric pitch reedg 
of which we give an i:VL>uUa,\i!;>u. uL'SS^^l^wadtlMi 
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i&nner in whicli the two instruments are coupled up 
ith the battery is shown in Fig. 58. 
In order to understand the action of thia appa- 




'^^s, let UB see what takes place when one tooth of 
'^ wheel paBECB before the electro-magnet which 
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actuates it, and we will suppose that the radios oi 
this wheel, passing through the teeth, is repreeentad 
by the lines rB,ri ( Fig. 59), tbe mark m iudicatin^ 
the position of the polar axis of the electro-magnet 
Then let us consider what takes place when the pola 
m is presented in tlie middle of the tooth, what whw i 
in frout, and what when behind ; these three catf* 
are represented in Figs, 59, 60, and 61. 

In the first case (Fig. 59), the action being eqaii 
on both sides, the wheel will be in a state of stable 
equilibrium, and ita speed will not be affected by th 

V Fio. 59. F:o. 60. Fig. 61, 
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magnet; but this will not be the case in the tvi 
other positions, for, in that shown in Fig. 60 a 
acceleration will result from the action of the magne 
which will tend to make the line rs coincide wit 
its axis; and in that shown in Fig. 61 there wonli 
be an action tending to make the wheel go mor 
slowly. 

It will happen then, that if the teeth successiTel; 
arrive at s {Fig, 59) at the moment when the attrac 
tion commences, the speed of the wheel will, owin^ 
to the intermittent attractions, be subject to a varia 
tion during each wave, but the mean speed of th( 
wheel will not be varied, and altogether the whea 
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ill be, during its movement, in a state of eqnili- 
tinm with respect to the intermittent attractions. 
The position that the wheel will occupy at any 
nioiaent in this movable equilibrium will evidently 
1m a multiple of the periods, and it may be shown 
that Buch ia the case by slightly quickening or slack- 
ing the speed of the wheel. If it ia lightly held 
back, the acceleration due to attraction will counter- 
balance it, and the speed at t will then be greater 
than at a. If, on the other hand, the wheel is pushed 
forward, the retarding actiou will again counter- 
balauce it, and the speed at t will then be less than 
it 3. There will thus be complete compensation, 
" aince any small deviation, communicated to the 
in any way, ia compensated and rendered nil, 
to the intermittent attractions, the mobile 
ibriom of which we have spoken constitiitea in 
fact a stable equilibrium. 

"Experiment," saya Paul Lacour, "confirms this 
theory. If a vibrating reed is made to send a corre- 
■pOQding undulating current through the electro- 
"•fignet of such a wheel as in Fig. 58, this wheel, 
^'ing once received a movement which makes one 
"*oth per wave pass before the electro-magnet, will 
P'^serve a uniform movement, analogous in many 
**f>ects to the movement of the wheel when one 
"'^th ia continuously attracted by the pole, or, in 
^•^er words, in actual repose. 

* If the wheel ia thus in motion, and an esteroal 
°''ee tends to separate it a little from the proper 
f'^ition of mobile equilibrium, the phono-eleetrio 
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current tends to set it right. But if this disturbl 
force remaina constant, the wheel, although 
ing its speed, will find another position of equilibnui 
which will depend on the value of the force and I 
direction. And it is this absolute regularity of speej 
notwithstanding slight external forces acting upon i^ 
which allows of it* advantageous application in chr* 
nographs, and in instruments requiring BynchroniNJi 
movements. These forces must not, however, eiceei' 
a certain limit, for the wheel only turns under tl» 
influence of a force represented by the differed* 
between sm and at, which may at the utmoat rsaek 
+ si or — si, and if the external force exceeds tbi»' 
value the equilibrium will be destroyed, and tn* 
speed of the wheel will be accelerated or retarded 
according to the direction of this external force. 

" Besides tliis regalar movement, there are eertW 
other speeds at which the wheel may be in eqniJ 
brium and remain so. Thus, if the wheel turn wi4 
exactly half the speed, so that one tooth 
before the electro-magnet for each two waves of 
phono-electric current, the relation of the teeth 
each alternate wave will be the same as in the li 
instance, and this will maintain the stability 
equilibrium. 

" Similar considerations may apply to other i _ 
and it may be concluded in a general manner thij 
this wheel may be rotated at speeds which are tlMJ 
nearest multiples and sub-multiples of its regulated 
speed. In consequence, this movement may be obj 
taiued with speeds equal to j^ or j of that c^ tiM 
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onnal speed." A regular movement free from 
ition may be obtained by fitting to the upper 
ce of it a wooden cup filled with mercury, as 

kwn in Fig. 62. The effect of this weight is not 







lerely au increiise in the inertia of the whole wheel, 
tot by the oscillationB of the mercury greater r^u- 
Mity is ensured. 

Eletiro-magnetie Gyroseope. — M. Trouv^ has very 
Igeniously applied his annular motor to Foucault's 
Jnscope, with the object of maintaining its move- 
ment long enough to show clearly the rotation of the 
■Will. The revolving sphere is formed of eight 
baight electro-magnets joined by their bases to a 
sommon cylinder. This wheel is then filled in with 
* mass of insulating material, and covered by elec- 
trolytic action with a deposit of copper. When 
**urate]y adjusted on its axis, and the poles of the 
*Bctto-m^nets bared, it is fitted inside the electro- 
'BBgnetic ring, which is suspended from a cross-beam 
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and supplied with a commutator. The sphere thns 
rotates in a vertical plane, and being revolved iot 

a considerable time, cannot, owing to the rotation 
alter its relative position in apace ; but the beam wil 
have moved through a certain angle from the mo« 
ment of the earth, and this angle will show the dii 
tance the earth has revolved in the time. Gre« 
accuracy and precision are of course necessary i 
such instruments, and this has been obtained in tb 
two constructed by M. Trouve, one of which 
presented by him to the South Kensington Museua 
The contacts had, of course, in such an apparatnf 
to be specially designed to allow of the movement V 
the support, and not of the revolving parte ; and B 
Trouv6 constructed a very ingenious arrangemei 
of platinum contacts dipping into mercury, whiQ 
answered the purpose very thoroughly. It migli 
have been feared that the magnetism of the eart 
would have a prejudicial effect on the accuracy t 
the instrument, but, owing to tlie exterior poles fl 
the electro- magnets being all of the same name, and 
acting on the iron hoop simultaneously at each end 
of the diameter, there was no north and south liDfl, 
and the apparatus was always in a perfect state of J 
equilibrium as regards the terrestrial magnetism. 




ELECTRO-CHEMICAL MOTORS. 

The idea of applying the expansive force of exploaiye 
gas to drive an engine is an old one. Huyghens, it 
will be remembered, thought to utilise gunpowder 
for this purpose, and in this case the engine would 
have been arranged almost in the same manner as in 
the early attempte at steam-engines. It was in per- 
feting Huygbens's idea that Papin was led to the 
Jiscovery of the ateam-engine. However, the dangers 
that might have resulted from the employment of 
such an explosive power for a long time hindered the 
clevelopment of these motors, in which, besides, the 
Ifrniting arrangements had never been satisfactorily 
joanaged. When the heating effects of electricity 
became known, several inventors again took up 
Hnyghens'a idea, employing as an explosive com- 
pomid not powder, but hydrogen gas mixed with 
^tmoepheric air or oxygen, and by igniting it with 
ithe electric spark, or with currenta aufficiently 
powerful to make a wire red-hot. Thirty years ago 
■fclie papers made a great noise about a machine of 
litis kind, invented by Dr. Carrosio, of Genoa, and in 
^852 8ome papers described an electro-chemical 
gaotor of M. Moeff, which appeared to have been 
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well designed, and is aaid to have given very go 
results. However, it was only in 1860 that thiai 
Bcription of motor was brought into practical shs 
by Lenoir, and for a long time it was employed Tt 
advantageously in certain industries. It was oi 
when the Otto gas-engines made their appearan 
that it was abandoned, because it was not so ecoi 
mical. However, as faithful historians, we mi 
describe this engine, which for some time was so w 
known. It is shown in Fig. 63, and Figs. 64 and i 
give details of the mechanism. 

The general appearance of the engine is that of 
horizontal steam-engine. The cylinder is plaa 
horizontally on a cast-iron bed-plate fixed to a bri( 
foundation, and the piston-rod works between tn 
guide plates. On the shaft is fitted a fly-wheel an 
driving-pulley. The piston and slide-valves alon 
are of peculiar arrangement, on account of tin 
electric element. Watt's centrifugal governor ia 
used, and the heavy and cumbrous generator nects- 
aary in steam-engines is dispensed with. 

The gas, mixed with air in the proportion of eigtt 
or ten to a hundred, reaches the cylinder by the 
tube E (Fig. 63), and the distributing reservoirs UB 
(Figs. 64 and 65), which are opened at the prop^ 
moment by slide-valves worked by the eccentric se^ 
in the cut. Two conductors for the production ^* 
the electric spark inside the cylinder, consisting ^ 
simple platinum wires fixed in insulating blocks, a*"* 
shown at I and I' at the two interior extremities ^ 
the cylinder, and are in connection with tl»* 
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iry coil of a Ruhmkorff bobbin excited by 

Bonsen cells, which, by means of the commntator 

Lched to the eccentric rod, produce a series of 




5|KB when the piston P, having arrived at the end 
stroke, is ready to start in the opposite direction 
1.2 
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when driveD by the expansion of tlie gas admiti 
into the cylinder. On account of the necessity 
producing the spark in this manner, the iodact 
coil conid not be fitted with a trembler, and the co 




mutator was so arranged that a single spark 
given at the right moment. 

Under the influence of the spark, the hydro^ 
combines witli the oxygen of the air to form yitr't 
and the temperature produced by the combinatS 
expands tbe rest of the gaseous mixture ; as ti 
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takes place alternately od each side of the piston, a 
fc-and-fro movement is obtained, which is transformed 
bto circular movement as in ordinary enginoH. 
Each time the piston arrives at the end of its stroke, 
the gas which has done its work escapea from the 
^linder by the tube T, in communication with the 
outer air. 
This engioe can be started at once, and is aUo 




■topped as easily, which makes it extremely useful 
h small industries. 
One of the disadvantages of the engine is the 
'elopment of a great amount of heat in the interior 
f the chamber, which would entail the nipping and 
lltortion of the movable parts, if it were not cooled 
gpm the exterior. This is effected by a layer of 
later, which is made to ciiculcitQ toxuii \lQ.ft 
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cylinder inside a jacket, and this layo* of water floi 
away and is antomatically renewed when it 
too hot. In the latest patterns of this engine 
Bunsen battery was advantageoaslj replaced by 
diamond thermo-electric battery, fed, as also the 
motor itself, by ordinary lighting gas. 



END OF FIRST PABT. 



SECOND PART. 



SECOND PHASE OP ELECTEIC M0T0E8. 



REVERSIBLE MACHINES. 

As we have seen, the diacoveriea with respect to 
electric motors adapted to produce mechanical work 
by electricity have been, as far aa we have gone, 
almost restricted to the application of a single prin- 
ciple ; the attraction of a soft-iron armature by an 
electro-mag net or a solenoid. It was natural to 
begin thus; the movement thus produced, which is 
the basis of telegraphy, was till then the only one 
obtained by electricity, and it was certainly a 
nieclianical work, very feeble, it is true, but still 
mathematically appreciable. Of course the first 
idea was to increase this work, to multiply it in such 
a way as to be able to get appreciable mechanical 
work, commonly called force. We have seen the 
reason of non-success in this line. 

But while clever and persevering, though unfruit- 
ful, attempts were made in this direction, another 
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principle was gradoally developing, and was being 
applied in more and more ways, and it wastlmby 
which success was at length achieved. 

This property was called induction by Paradsy, 
who discovered it in 1832, and this is how it is showii. 
Take a magnet, and a conducting wire connected at 
its two ends with ao ordinary galvanometer ; t!u< 
wire thus forms a closed circuit in communicatiia 
with no electricity whatever, and the galvanometef 
shows no sign of any electric corrent in this con- 
ditioa ; but take the wire near to one of the polea of 
the magnet, and the galvanometer shows a current 
during the time the wire is iu motion towards lie 
magnet; stop the wire, and the current disappears; 
move it away, and a new current in the oppoeita 
direction takes place, but stops directly the wire i» 
again still. 

An electric current can therefore always be thnl 
obtained by moving the wire before a magnet. We 
must, however, come to particulars a little : theorett- 
cally, this will take place at any distance ; in realitjr 
the action is much more feeble at s distance, and (oi 
induction currents to be sensible the wire ahoultl 1* 
brought as near as possible to the magnetic pol^ 
The space in which the pole of a magnet showa iti 
influence is called the magnetic field of the pole- A 
magnetic action is frequently considered withoa* 
connecting it with any particular source, and '»* 
speak of a magnetic field without specifying 
magnetising cause. This may vary from anothe' 
reason: it iaknowniii^a^^I&aX^ti&^i4*C\siaR.'ijsai^ui.^ 
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duced by permanent magnets, by electro-mag- 
r even by currents ; these different causes may 
\ magnetic field and give rise to inductions 

may be utilised. 

aay be imagined what inteteat this principle 

ts : it gives the means of obtaining an electric 

it by displacing a wire in certain fixed con- 

i — that is to say, by a movement ; it involves, 

the direct transformation of movement, or, in 

words, of force, into electricity. 

fill be interesting to trace bow machines have 

out of Faraday's experiment. We have seen 
bis consisted in obtaining a current of short 
on by passing a conducting-wire across the 

or what we have called the magnetic field, of 
le of a magnet. To make a machine from this 
1st find out the way to make this motion con- 
B and frequent, and to collect the currents ; we 

thns have an almost instantaneous succession 
rents, which together might be likened to a 
nous electric production, if the movements 
d each other with sufficient rapidity, 
ther, it is as well to pass as long a portion of 
re aa possible in the magnetic field, Faraday 
J shown that the longer the wire submitted to 
agnetic action the more energetic this action 
i : which is easily understood, the magnetic field 
' at once on all parts of the wire. At length 
ay discovered that the effects were considerably 
anted if the wires submitted to the magnetic 
.called the induced wires, were wound on pieces 
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of soft iron, of which the magnetic reactions aeTvai 
to strengthen those of the induutors. 

We are thus led to arrange this closed circuit in 
the form of a bobbin of wire wound on an iron coff, 
and the inductive action will be developed by passing 
this bobbin as rapidly and as often as possible betbra 
the pole of a maguet, which is the inductor, 'ITiiiJ 
the most simple means, and that which has been 
adopted from the first, is to mount the bobbin on & 
rapidly revolving axis, which in its rotation traverafi! 
the magnetic field. 

These principles were applied in the well-known 
machine of Pixii, invented about 1832, a very flliort 
time after Faraday's discoveries. It was simply the 
application of the idea given above — a magnet 
turned before two fixed bobbins, this rather incon- 
venient arrangement doubtless being employed by 
the inventor because he did not very well know hoff 
to collect the current of the bobbins while they wera 
turning. Clarke's machine soon replaced it ; in this 
two bobbins turned before a magnet, and the current 
was collected by springs rubbing on metal cylinders- 
This ingenious, and at that time new arrangement, 
also served another purpose. We have said that 
when a wire traversed a magnetic field there were 
developed in it two currents, the first in one direct!"'' 
on approaching the magnetic pole, the other in the 
opposite direction when leaving it. The machines 
we have just mentioned thus give a series of curreo'* 
in opposite directions, succeeding each other rapidV 
and alternately ; therefore machines of this class a^ 
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called altematiug. In Clarke's machine, mentioned 
aboTe, the movable piece, to which are fastened 
the rubbing springs which carry off the current, is 
•franged in such a way as to sort out tlieso contrary 
cnrreuts, and put them right in the exterior circuit. 

The start being thus given, this type of machine, 
aUsi magneto-electric, went on developing step by 
>tep by accumulating and multiplying similar parts. 
Instead of putting two bobbins on an axis, several 
were arranged in a circle ; instead of a single mag- 
iwtie pole, there were used as many as there were 
liobbins. A greater or less number of similar systems 
to the first were then placed together on the same 
and thus was formed, by a series of improve- 
fflenta, the first machine furnishing industrial results, 
Wiat called the Alliance, which is still in use in the 
l^hthouses of La Heve, and which received its present 
brm about 1856. It should be said that by this 
Itnlti plication of coils it had been necessary to give 
Rp the commutator of Clarke ; these machines, 
fterefore, remained alternating. 

Some time after the invention of these machines 
1 important improvement began to be introduced ; 

Consisted in replacing the magnets, till then em- 
poyed as inductors, by electro-magnets. It is known 
ftat these can give much more power than the others, 
•uly it seems at first sight as if an inevitable compli- 
*Uion is thus introduced : for if we wish to make use 
W electro-magnets, we must have a current to produce 
vtsa; we shall then be obliged to have one current 
'^eadjrinorder to obtain a more poweiiviV oiie. "^a 
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sliall see directly by what a singular and nnexpected 
tnni this difficulty was overcotDe, whii^h was at first 
coiiBidered insurroountable. Wilde's machiDe, invented 
about 1864. consiated of two machines, one on the 
top o( the other : the one had a permanent magnet 
as inductor, which sent a current into wires wonnd 
on iron plates; these became large and powerful 
magnets, serving as inductors for the second machine, 
which furnished the usefiil current. During the time 
which elapsed before the production of this machine, 
the induced organ (formerly composed, as we hav* 
said, of numerous bobbins placed side by side) had- 
been simplified and reduced to a single long bobbii* 
called by the name of its inventor, Siemens' bobbin- 
This form is shown further on (Fig, 69). 

Soon after there appeared at the Exhibition c»» 
1867 a very curious machine, that of Ladd. In thi* 
apparatus two induced bobbins were placed betw««» 
two iron plates, one at each end ; one of the bobbia^ 
in turning sent a current into wires wound on tbes^ 
iron plates, as in the first part of Wilde's machine » 
these plates became magnetised, and the secon** 
bobbin furnished a current for use. 

Here we are immediately struck with an appareti" 
absurdity. How does it happen that the first bobb**» 
when it begins to turn, can produce a current? I" 
must have an inductor — a magnet — and it has noa^ 
for its duty is to make one ; it is its current wbii^** 
has to create the magnet, and this cannot take plac* 
if the magnet does not exist. There is a mistaK* 
somewhere, it is true, and yet the macLine wor^^^ 
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Thia IB beeauBe no iron is absolutely devoid of mag- 
netisation ; however little it may have, it suffices to 
pre the first bobbin an inductive action, and to 
QKate a cnrrent. It is at first very feeble, but as it 
is employed to reinforce the magnetisation it soon 
ingments, and the action iocreaaea as far as the 
limits of the motive force. Tbis curious and fertile 
principle ia not due to Ladd : it waa enunciated 
iieariy at the same time by Wheatstone and Siemens ; 
however, although the official priority has been attri- 
bated to Siemens, it will be seen from a provisional 
patent taken out by Hjorth in 1854 that this arrange- 
nient waa very clearly described by him. This patent 
"•^ara the title, " An Improved Magneto-Electric 
^ttery." * 

Thus was made the type of machine called 
"yuamo-electric, among which may be claaaed all 
'"B recent patterns and the machines in greatest 
"^t of which the types most worthy of remark till 
'"^W are those of Gramme and Siemena, 

The first originally had the form shown in Fig. 66. 
As may be seen, the inductor is a horseshoe 
*Oagnet N S. The machine ia therefore magneto- 
electric. The armature baa a peculiar form. It ia 
^iomposed of a ring of soft iron, on which is wound 
"%he induced wire. This ring is placed on an axis 
Between the two poles of the magnet, which have 
"teen fitted with expansions A and B, in order the 
Twtter to enclose the ring to be induced. The wire 

Bee the ' JoiutuJ of the Society of Telegmpb Engineers,' vol. 
Tiii. p. 226. 
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with wtich the ring is covered is divided into sections, 1 
the ends of which are connected to a cylindrical col- 
lector M, on which rub two metal aprings, or better I 
still, OB we have already explained, two metal wire 1 




L 



brushea. These brushes receive ilit' current, anii 
send it into the circuit where it may be utilised. 

Very soon the improvements we have mentioned-— 
were introduced in this apparatus, and it received — -' 
the form represented in Fig, 67. The bobbin re- 
mains the Bame ; it preserves the annular form, which 
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I the eesential cliardeterirtio of tlieso mat^liinos ; the 

l^rmanont longuet has disappeared, and is replaced 

two olectro-magnota, which expand round the 

Dg ut the {tolfls. Tlie coUeotor and brushes ore 




Hot altered ; thoy l^nii |mi'I ni' ii.jrlj ull recent 
machine* As wo hIjuU w-d luL-tln^r im. tlio Gramme 
"lachine lius nnder^^uno alterations, bnt this ia the 
"ype most fici)iii;ut!y used. 
Siemeaa' tuachiuo diffurs from the above in tho 
"^ its nmiature. An may he weim from Fip. 68, 
»o ioBgor ia Uto t'otm of a im^-, 'A'wiaQW 
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Siemens' Machine. IGl 

a cylinder, on which the wires ate wound length- 
parallel to its axis ; the rotation of this cylinder 
brings thera sncceasively into the magnetic 
I of two electromagnets, planed one above the 
r, below the armature ; they are sometimes 
ed horizontally, one on each side. The coila are, 
X Gramme's machine, arranged in sections com- 
icating with each other, and also with a collector, 
on the light of the figure, on which the bntslies 

Je have thoaght it necessary to give rather a long 
Iription of these machines, because they are so 
met with in electric applications. Besides, it 
eeirable that they should be understood by the 
ler, being, as we shall see, the principal agents 
the production and transport of force by elec- 

he reader may ask where we are going to wander 
this work professes to be about machines for 

iucing movement, and this chapter has been so 
about machines for producing electricity. The 
results are not bo diEFerent as might be believed. 

the contrary, they are closely connected by reason 
remarkable property possessed by the machines 

fhich we are speaking. Till now we have aiip- 
d that we expend force in turning our movable 
.tictor in the magnetic field, and by this means 

jet electricity. Now let us do the reverse, send 

tricity into our movable ring, and we shall see it 
iately put in motion and rotate rapidly. If 

place on the axis of the ring a pulley with belt 
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or gearing, ve shall be able to ntilise tbis rotatit 
and get from it force, or more properly gpeakio 
work. So if, in the little Gramme machine (Fig. 01 
we turn the handle, we expend some force, but n 
get an electric current ; if, on the contrary, we sen 
an electric cnrrent into the machine by means of anf 
apparatus, a battery for example, we shall expeal 
our electric current, but the ring will be put in 
movement, the handle will turn, and we shall be able 
to utilise this rotation and obtain work. Machines of 
this Bort may thus be utilised in two ways, and tbis 
striking property has received the well-choseu name 
of reversibility. 

The experiment made in 1873 with Gramme'i 
machine at the Vienna Exhibition, is often quotw 
as the first application of this important principle- 
One of these machines was set in motion by a steam- 
engine ; it sent a current into a similar machine at 
distance of about 500 metres, which was in turn M 
in motion, and this rotation was employed to work* 
pump. This experiment is indeed very interesting. 
and we may admit that it was the first in which tbe 
reversibility of machines was employed to furaisb a 
mechanical work of any importance, but it was no* 
the first exhibition of this fertile principle. It hi" 
already been perceived, especially by Messrs. Siemens 
Brothers in 1867 ; but it had been enunciat™ 
still earlier with great cleameas and vigont l? 
Pacinotti. This eminent scientist, in advance w 
his epoch, had, as we have seen earlier in flu^ 
book, invented about 18C1, and published in 1S64, > 
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e in which were applied and well ntilised 
f the principles, and even some of the 
iments of detail, which eight ot ten years 

jds caused the success of other machines, 
tention of the public was not yet attracted in 
rection, and Pacinotti's invention was little 
till the Electrical Exhibition of 1881 brought 
ight, and caused the inventor's merit to be 
ised and justly rewarded with a diploma of 
'. Pacinotti's machine is given in Fig. 44 ; 
7 be seen that he had discovered the ring 
ement of the eonducting-wire in which the 
t is developed, and had thus constructed the 
le bobbin now called a ring-armature. Two 
i-magneta E E' formed the inductor, and we 

again refer the reader to the remarkable 
ce quoted at page 80, with which he ends his 
describing the apparatus. 
i is the enunciation of the principle of 
bility, and it is the earliest known ; therefore 
anour of having first clearly perceived this 
fie fact belongs to the learned Italian. This 
cal incident is interesting, from the importance 

principle which it involves. It is not indeed 
ar to electric machines, it is a very general 
ty, as was seen at once as soon as attention 
fawn in this direction. Nearly all phenomena 
leoretically reversible ; in giving out heat we 
ce movement, as for instance in eteam- 
;h. But everyone knows that by movement 
heat: fot example, if we rub two bodies 

1L% 
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together they get hot, and the vork nsed in the 
movement is represented by the heat produced ; tha 
phenomena are so closely allied, that it is poBsille to 
determine what quantity of heat correspondB to i 
given amount of work, and this is called the 
mechanical equivalent of heat. By giving out heit 
certain chemical decompositions may be eSeoted,biit 
if it is possible to reunite the bodies of which the 
elements have thus been separated, the same amount 
of heat will be generated in the process of reunioii 
as was necessary to separate them. Eeveraibility is 
thus a very common property ; it cannot always be 
utilised, but electric phenomena are among those ii 
which it is most easily shown, and where it is 
generally susceptible of application. It is becaaw 
induction machines possess it in the highest iegtte, 
that they have become the means for the produotJo" 
and transport of mechftnical work by electricity. 

One important remark must be made here: 
originally electric motors really produced forcfl. 
they were set in motion by the current of an electrio 
battery, zinc was expended in the battery, labou 
was gained from the motor. It was real develop- 
ment of mechanical energy. With induction 
machines it could doubtless be the same; howGTflfi 
it is not thus we work. The current of the battery 
being dear, and difficult to produce, we want 1 
electricity from the machines themselves, and they 
produce this by expending labour. We thus absoA 
labour in order to recover it. It may be asked, what 
is the benefit of such an operation ? It lies in the 
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nnsport. We can imagine many cases in which 
mmport is of the first importance. How many 
raterMls, for instance, now useless because of their 
ituation, would be priceless if they could be 
nmsported near to a populous centre ! The amount 
f force thtis neglected is immense, and electric 
ransport famishes the means of adding this to 
rninan power. Let us consider too, the enormous 
ramber of caees where power might he applied to 
nattered machinery or tools. Imagine, for instance, 
he cranes along a quay : in the ordinary way a 
Jiecial engine is necessary for each ; with electricity 
► angle engine might easily be used to work them 
itL A still more important consideration is that of 
iie Buh-division of force. As we shall see further on, 
he hope is just now estahhshed that by means of 
lleetricity it will be possible, not only to transport 
lower, but also to divide and distribute it. We 
liil not here dwell upon the importance of this, 
rHch must be considered separately ; we only wish 
B point out to what consequences electric transport 
f power may lead. Besides, the reader may take 
ote of its importance, seeing in the following 
bpters the successive development of the a 
SIB to which it has abready led. 
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Without inqoiring forther into the working of Hi 
machines we are coosidering, we may see at oou 
why these apparatus have achieved the saccess till 
then vainly songbt for, and whence cornea thai 
superiority to those which have been described in ihi 
first part of this book. Wa have already tOQcW 
upon this question in the first part, but it will not 
be amiss to revert to it. In the old macmMS 
movemeut was produced by magnetising one or 
more masses of iron and making them attract loonr 
ble armatures, whose displacement produced mecha- 
nical work ; it was of course necessary that tw 
magnetised masses should cease their action as so"^ 
as the attraction was complete, in order to recom- 
mence it again so as to give a fresh impulse. "^ 
system has three grave defects : 1st, magnetic actio''' 
are rapidly weakened by distance, so that, the att^^ 
tions of a magnet only exercising force in a T^i? 
small radius, the impulses obtained can be stroftS 
only in a very small part of the movement ; 2ndly, t» 
motion thus obtained is the result, not of continu" 
action, but of a succession of jerks, which is alw*? 
a defective mechanical means of obtaining laboiV-' 
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By, and this is the greatest disadvantage, the 
^letisation and demagnetisation of masses of iron 
imy size cannot be effected instantaneously : they 
^tiire a time, very short indeed, but still apprecia- 
I; besides, these alternations do not take place 
Ihont a considerable loss of force. It will be easy 
jgive one experiment in proof of this. An electro- 
■gnet being rapidly and frequently magnetised and 
fciagnetised, the core is heated perceptibly ; this 
kt represents so much work, it is the force lost in 
p Buceessive magnetic movements given to the 
isB of iron. Yet this expression is erroneons, for 
pe is never lost, only transformed ; only here a 
Bt of the force employed, instead of furnishing the 
pgaetisation required, produced heat not required 
fit, which means a loss of power in the useful work 
I band. 

'These three disadvantages are avoided, as may 
Inly be understood, in induction machines. In this 
lit of apparatus : Ist, the distance of action is 
>^nced to a minimum, the armature turniog at a 
My short distance from the magnetic poles : 2nd!y, 
to action, though not theoretically continuous, is 
toposed of such a rapid succession of impulses that 
is practically so ; and 3rdly, the magnet pro- 
ving the magnetic field which gives rise to the 
*Hction remains always in the same state and goes 
tough no alternations, which allows it to be raagnet- 
^ to a far greater degree of intensity than in the 
L machines. There are also other advantages 
sed by these macliiues. 
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^^B Having recogaiseil this superiority, we mnst noi 
^Vlook a little more closely into the manner in wWd 
dynamo-electric macliinea transport force and prodnoe 
work. 

Let 113 first recapitulate some general ideas. 
When we examine any source of electricitj 
intended to produce a current, the first element to be 
ascertained is that called the electromotive fon* 
i. e. the force with which this source tends to uge 
the electricity along. In the same way, if we wist 
to find the mechanical value of a wateriall, we must 
first know the height of the fall and the pressure iB 
column of water is capable of exerting; again, if** 
wish to value the work to be got from a Bteam-boil«' 
we must first know what is the pressure of the steftif' 
These relative elements for such different producs^ 
of force are however so similar, that in electrici''' 
we use the terms electromotive force, tension, a* 
pressure almost synonymously and indifferently. 

In the case of a battery, the E. M. F. once dele: 
mined depends on the nature of the battery, tti 
number of elements, and their arrangement, I 
generating machines the E. M. F. depends on th 
constniction of the machine, and also on the Bpe& 
at which it is driven, inereaeing with the iatte: 
This force cannot be determined without aseertaii 
ing at the same time the speed given to the machini 
These data are also not sufficient, for the E. M. i 
of the machine is influenced besides by exterior cor 
ditions. 
The E. M. F. of a generator being known, th 
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i that it will furnish depends on the circuit ; 

9 Bame way as a fall of water will give a result 

(ding first upon the height, but alao upon the 

ter and the length of the tubes through which 

v to run : so that auy electric source gives a cur- 

■js proportion to its electromotive force and the 

a of the circuit. It must never be forgotten 

It in this circuit must be reckoned not only the 

1 and the apparatus in the exterior circuit, but 

fttfae generator itself; for the current flows through 

I as much as the rest, and the resistance it op- 

i to the 'passage of the electricity is always a 

Mry element, and sometimes a very important 

^to consider. 

three elements, then — the electromotive 

fcE, the intensity of the current I, the total re- 

B of the circuit H — bear a very simple relation 

h other, and it is written I = :^, these quanti- 

9 being reckoned by the units adopted by the 
''^cent Congress of Electricians, namely, E in volts, 
ftMitk the name of Volta ; R in ohms, from the name 
°» the scientist who gave the above formula, and I 
'^ amperes, from the name of the great French 
Pbilosopjier. 

Let us return to the machines. Take for example 
* Gramme machine of the ordinary type represented 
*oove. We connect it to a motor, a steam-engine 
^^ example, and it is rotated ; we give it a speed, 
^^termined and constant, say 1000 revolutions per 
^*ftuta First, we will put no wires between the ter- 
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I, ihe circait is open ; onder these conditionf 
there is no current, but also no work expendeii to 
turn the machine. Of course a little is required W' 
overcome the friction, but it is very little, and wb 
may take no notice of it. Let us now join the two 
bobbins by a long wire of 50 metres for example, and 
at the same time an instrument to measure the cat- 
rent. It will show a very weak current, and tie 
steam-engine will begin to do some work; if«e 
shorten the length of the wire the current wiU 
increase, and with it the work expended by ths 
engine, and these two quantities will go on thus 
increasing as the resistance of the circuit is 
dimiuisbed. It will be asked, what becomes of the 
work produced by the steam-engine ? We shall very 
quickly see, if we push the experiment too far. TI18 
metal circuit, the machine itself, and the instruments 
would become dangerously heated, and if we are not 
careful the whole thing might be burnt np ; the wort 
is turned into heat. 

Now, instead of this circuit simply closed with ft 
wire, let us couple up with our machine another 
similar one, leaving in the wires our instrument W 
measure the current. To begin with, we will fix the 
second machine ho that it cannot turn. We shall 
then find a powerful current, and the steam-engi"^ 
will expend considerable power ; our second machiJ* 
in this case only acts as a conductor, and as it has B 
low resistance, the actions produced are intense. B 
would even be difficult to try the experiment, or at 
least to give it any dnration, for the two machines 
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Ud be in great danger of burning, the whole of 
k being turned into heat ; we reap no adnn- 

i, in fact, as the other machiue is fixed, 
!«t OS now liberate the machine and have it oom- 
ely free. This ia what we shall see : the machine 
it once put in movement, and its rotation is verj 
Etdlj accelerated ; at the same time the current 
ir ebowB that the current decreases very rapidly, 
f at the end of a moment this current becomes 
I completely nil. If, now, we teat the 
i. of the second machine, we shall find it identi- 
By the same as that of the first. The steam-engine 
I gives no work, things remain as if the first 
1 its circuit open ; it must not be for- 
that under these conditions the Becond 
bine also is doing no work. 

3 happening ? To understand it, it must be 
lembered that a dynamo-electric machine turning 
!i a closed circuit always produces a current, so 
ttwheo our second machine began to turn it began 
produce a current. If we consider carefully, we 
Ul see that this current will be in an opposite 
JKtion to that which it receives. The two machines 
jn tend to send into the same circuit two contrary 
bents ; they mutually destroy themselves, and the 
jEBience between them is all that is apparent ; but 
ten the two machines go at the same speed, the 
» currents which tend to develop are equal, and 
(By cancel one another completely. In reality, there 
.00 electric current in the circuit: the machines 
pn as if the circuit were open. 
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Let U8 now put some vork on our second macluM 
■ay a weight to lift. The functions of the two mi" 
cbines are now quite distinct. The first mach'mt 
generates electricity — this will be the generalor; 
the other gives us work — this will be the molor. 
We see immediately what happeos. The motor, 
having work to perform, goes slower ; it cannot 
maintain a speed equal to that of the generator, 
Then the counter current given off will not be eqosl 
to the direct current ; this will cease to be couIlte^ 
balanced, a current resulting from the difference *"' 
flow, and will be indicated by the current meter; 
and it must be well understood that if the work pu* 
on the motor is small, it will only be slowed a little- 
The difference between the speeds of the two maehiiis' 
will be slight, and therefore that of the two current* 
Bo that the actual current will also be small. If, o 
the other hand, the work is great, the slackening * 
Bpeed will be considerable, and the great different 
in the electromotive forces will give rise to a pow^ 
ful current, so that there is a necessary relatiO 
between the work put upon the motive machine aO 
the current in the circuit. By increasing this wor" 
we slow the motor more and more, the currejit - 
constantly increasing, and we come in fact to th 
point whence we started ; the motor, too heavily ladei 
will stop, and the current will reach its maximum, s 
we saw in the first instance. 

In all this, what work have we obtained 7 A 
first, the motor being free, we got none ; at last, tt 
machine being loaded till it stopped, we had hod 
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either. It is thus seen tliat tlie work obtained de- 
pends on two things ; first, on the work accomplished 
at each turn ; and secondly, on the number of these 
for in increasing the energy and the work in 
'the machine ia slowed; that is to say, the 
of turns is diminished. There must be a 
tn. There is one, in fact, which is, when tlie 
speed of the motor ia equal to half that of the gene- 
ator; we then obtain from the second machine the 
Wf of the work expended in the first, and we obtain 
from it the greatest work it can give. 

This brings us to an important consideration. "We 
see that the work obtained ia never equal to that 
Kpeaded ; there is always a loss. The proportion 
letween the two works — in precise terms, the ratio of 
obtained tothat expended — gives the proportion 
This is what is called the return. It cannot 
to I, and we have just seen that in the case 
3 endeavour to obtain the maximum work it 
This proportion is not necessary ; by not re- 

ig the greatest work that can be furnished the 

•mount will be diminished, it is true, but with a 
"^tter result ; that is to say, with a more advan- 
'*&eous return. We shall see how we shall have to 
"'•^^k when practical applications of importance are 
""i^ertaken, which will certainly be very shortly, but 
*® are only beginning at present. Suppose, for ex- 
^'^iple, that it is desired to transmit and receive 
Metrically work equal to 5 horse-power. We may 
****-ploy as generator a machine capable of absorbing 
power ; a similar machine employed at the 
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other end under its maximum conditions will give the 
5 horse-power required. We should then have a return 
equal to ^ ; but we might employ a more powerful 
generator of higher electromotive force, capable, for 
instance, of absorbing 15 horse-power. Such b 
machine employed as a motor would give the five 
horse-power with a work of say only eight horse- 
power expended (these figures are not intended ta be 
precise, but are only given to fix the ideas), and list 
because, not being pushed to its maximum, it ia 
capable of a more advantageous return. It is trae 
that an arrangement of this kind would necessitate a 
greater original expense, but in exchange it wonld. 
entail a daily saving of expense. This is not at all 
an exceptional arrangement ; how are steam-engines 
used to burn a small amount of coal for a girea 
work ? Expansion engines are used, but it is well 
known that these engines would give much moiB 
power if the full pressure of steam were used. We dd 
not ask from them all they are capable of doii 
order that the result may be obtained under its most 
favourable conditions; the first outlay is increased: 
in order to reduce the working expense. This will 
certainly have to be done in the mechanical employ- 
ment of electric machines, in order to increase the 
return. We shall return to this point hereafter. 

Before leaving our two machines, we will trf 
another experiment. Just now, the generator maiif 
taining the same speed, we put on the receiver work 
constantly increasing, and we saw the current increasB 
from zero to the greatest possible for the reeistauM 
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he circuit. We will bow try the reverse. The 
dying machine will have a constant work to 
Form — ^at each turn it will do the same work; 
^reas the generator we will drive at varying 
edsy the galvanometer being left in the circuit* 
\lbisy then, is what happens* The generator at 
t going slowly, a feeble current is shown; the 
eiver does not stir* As we increase the speed tho 
Tent increases; for a certain value I of this 
rent^ the motor starts. From this moment, 
hough the speed of the g^iemtor incretm^f tb45» 
lent does noi ; only the speed of ihe motor ifik 
saes at the some time as the other, and in pr<;p<dv 
a to iL As to the woik obtained^ it natumlly 
aeaaes widi tibe tfeed of the motor 
We am what takes plaee: as hmg m the enmsftt 
vSmosA » lust CMMjgli to orersome the weigf it p«tt 
dks' msctXr ii <csKarA more; it m thetn ooty m» 
Bit usakcaaiee im tii^e eonsait. Wkeft the <e«rR«t 
Bangs pwt sificsaxt to Girenvmbe ttm w^A^^ftt, it 
}ffam tti laaOr ^uxti st 1&( ause tim^ h^^fptm %t9 pnv 

amt mexeaaes^ cd bef»mai tr» pr^^^^^iX fi>r tiu^ 

^ia»\xiexBam:<\t(sscnmiZ.'vBk(i^^ 
i£itftv»iis& ggfhiRfsd t2x chat which, ift ]i»C imi&^ 
DdvcBrnnme: 'iie: ^^fm^zhtL. 
l&iarIWina^IW>iftmnnia33Ci^aiJbgrvi^ hj^pvia^ 

wesj^tic >m. the: motDE,. but t^iitui^ rhe: aumn^ 
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ances between them ; we may also arrive at a cnirent 
which cannot be varied, whatever may be the resisi 
ancee, provided that the receiving machine is able to 
turn ; its speed alone varies. I 

We have already gtated this fact, that there is a ' 
necessary proportion between the work pnt on a 
machine and the cnrrent which it receives; but we 
may complete it by thia important remark, that this 
proportion is absolutely independent of the speed, 
and obtains whatever may be the movement of tbe 
machine. This law is of fundamental importance, 
and we shall have to recur to it in the course of 
these studies. 
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MODERN SMALL M0T0E8. 



Lvisa rapidly examined the nature of the machines 

\uah will serve for the transmission of force, and 

ikeu account of their mode of action, it will be 

iral to follow up the chain of experiments by 

lich we have arrived at the results obtained up 

the present time, and to see something of the 

018 of machines in use. 

This is the method which we will follow; but 

i going further it is necessary to treat once for 

an accessory subject which will embarrass the 

gical development of this hiatory. At the same 

me, as machines intended to transmit large forces, 

I meet with, in fact, a number of apparatus des- 

ned to produce and transmit email forces ; that is 

■ Bay, for light work, with a limit of about 10 kilo- 

rammetres per second. Although their invention 

was later than that of large machines, we may attach 

bem to the more ancient form. These, as we have 

leen, were motors susceptible of great precision, but 

[capable only of very small work. The motors of 

ir^ch we will now treat are in a similar position, but 

rith a very much enlarged field. It will therefore 

I well to study now this group of motors. One 
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question is immediately met? How is it tLat then 
are special small motors, and why caonot they be 
made of the ordinary type, but reduced in size ? B 
is that this construction would be very difficult 
and costly. Dynamo-electric machines contain parts 
where Tery delicate work ia required, sacb, for 
instance, as the winding of the wires on the revolving 
bobbins or rings. Below certain dimensions the coi^ 
stmction of these would be almost impossible, and 
besides, these machines contain parts which in laigs 
ones are already pretty small, and they would become 
microscopic in a machioe very much reduced in fflffl' 
There are also electric reasons ; tbat is to say, tliat 
the proportional reduction of a large machine vom 
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generate in turning, or, on the other hand, wool^ I 
necessitate to turn, currents not in proportion to tW 
larger machine. From all this it will be seen th** 
a small motor must be a different apparatus to ' 
large one. 

The oldest of these motors, and that which ht^ 
given the type to nearly all the others, is tbat C^ 
M. Marcel Deprez. 

Since 1854 a particular bobbin due to Dr. Siemens 
of which the above is a representation, has been i*' 
existence. It is composed, as may be seen, of * 



The Siemena Armature. 179 

Ber of soft iron, on wtich the wires are wound 

hwise, For this purpose two longitudinal 
wes are hollowed in the cylinder, in which the 
B are laid. When a current flows through these 

'; the bobbin becomes a magnet which presents 
EloDg polar faces, and the position of these poles 

^es with the direction of the current. With 
[ bobbin and permanent magnets Siemens had a 
peto-electric generator. We have said that this 
employed in a great number of machines, 
_ g others those of Wilde and Ladd. 
trcel Deprez was the first to show that these 
pines were reversible, and could be made good 
toomotors. It is not impossible that this fact had 
tvaguely seen by some, particularly by the Messrs. 
teens, but they did not see in it anything of im- 
■nce. The reader is well aware that it is not he 
Ifiret notices a phenomenon who is the inventor, 
pe who recognizes the value of it, and draws 
Untage from it; nearly all scientific facts have 
I seen and even discussed before they were 
lied. He who discovers a thing anew, and makes 
ichine of it, is the real inventor, 
bwever, Ladd'a machine, as it was, was only a 
motor. Deprez modified it, took away the metal 
msions of the poles, adjusted the position of the 
tea, and obtained the form shown in Fig, 70. 
|Will be understood how such a machine works. 
In an exterior current is sent into it, it magne- 
!■ the soft-iron plates B B and the revolving 
Bn A. It is arranged so that each of the poles B 
N 2 
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repels the pole of the bobbin opposite to it, vMd 
then begJDs to move ; after making half a tnm, the 
brashes C C supplying the cDrrent, baring remained 
Btationary whilst the bobbin tamed, are now b » 




versed position ; the current enters in the opposite 
direction, and the poles are reversed. The repulsion 
is thus renewed, and the bobbin continues to reTolTe. 
The movement may be ulilised either by the wheel 
G, or by means of K or F, according to the speed 
required. 

This form of machine is not M. Marcel Deprea's 
latest ; he tliought it better to make use of pennl^ 
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it magnets thus approaching the first arrangement 
iopted by Dr Siemena but he gave it a different 
by fixing the bobbin between and parallel with 



fP^^^V^.-_4_ 




"'^Minsof ahorse-ehoemagnet. All the _ 
™ the magnet is thus utilised in a very 
maimer. 
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The form of the machine will be seen tram 
Fig. 71. The current enters by two small bmshefl^ 
seen on the right In the arrangement shown, die 
apparatus has a grooved wheel, so that it can be used 
as a motor, and a handle to use it as a generator. 
The weight of the machine is not more than 4 or 5 
kilogrammes. 

Remarking that in Ladd's machine transfoimed 
into a motor, the production of the magnetic field 
entails a loss of energy equal to about one third of 
that absorbed by that of the whole machine, Deprei* 
considered that, as we have said above, he would 
gain by doing away with the electro-magnet and 
replacing it by a permanent one. Dynamometer 
indications^ together with measurements of the zinc 
consumed, showed in fact that with an electro- 
magnet as inductor, the work obtained from the 
consumption of a kilogramme of zinc was from 
70,000 to 90,000 kilogrammetres, while it varied 
from 90,000 to 130,000 kilogrammetres when a 
permanent magnet was used. The latter also had 
the advantage of being used as a generator, but, on 
the other hand, it necessitated a somewhat heavy 
apparatus compared to the work produced. In 
practice also a serious obstacle was encountered. 
The magnet lost its magnetism very rapidly, and to 
avoid this Deprez had to return to the original 
arrangement, but in a somewhat altered manner and 
with very much reduced dimensions. In his new 
model, in fact, the space occupied is not more than 
6 centimetres in width and 7 in length, and the 
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Cctro-magnets are doubled. It is composed of two 
electro-magnets of 5 centimetres, each with 
ipoeite poles presented, and between these poles are 
B Siemens armatures of 2 centimetres in length 
id 16 millimetres in diameter. They ore arranged 
1 the same horizontal axis, and at right angles one 
to the other : that is to say, that when one is between 
the poles of its electro-magnet the other is perpen- 
Scnlar to its magnet. As this motor revolves very 
lapidly, the driving pulley is reduced in speed in the 
proportion of 1 to 40 by means of a pinion and 
cogged wheel. The commutator is also so arranged 
that three distinct currents may be sent into the 
inductors and bobbins. As it is the base of the 
electro- magnets which forma the bed of the machine, 
it will be understood how well devised the arrange- 
ment is for the production of the greatest force 
poadble with the smallest weight of iron. 

After the preceding motors comes in chrono- 
logical order that of Trouve. It resembles the 
I«dd-Deprez, as wiU be seen from Fig. 72, and is a 
Hyaamo-electric motor. It however contains interest- 
ttg modifications. That to which Trouve attaches 
"16 greatest importance, is the alteration in the 
«>apB of the bobbin. The Siemens bobbin employed 
"J Deprez is cylindrical, it is therefore always at the 
tonie distance from the poles; that of Trouve 
Poaents a section representing two half spirals, so 
liat in its rotation the iron approaches the pole, and 
'*oveB rapidily away from it when the current is 
'BTerBed. This arrangement we have already 
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described at p£^ 115, and Trouv^ therefore avoidS' 
a disadvatitage. la the preceding motors it is 
necessary to start the bobbin or at least to move it 
a little, as without that the poles woold be esoetlf 
opposite one another and would not start, being at the 
" dead point " as it is called, Trouve's arrangement 
enables this defect to be lessened. The spiral forai 




is besides very slightly marked, and an increase of 
one millimetre is sufficient to obtain the effect 
sought It may be remarked also that the wmding 
of the electro-magnet has a particular form ; instead 
of winding the wire on the two arms, as in the Ladd- 
Beprez machine, there is only one coil on the soft 
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ron fonning the base which joins the two arms. 
Fhe size of the apparatus is thus reduced. 
From the experiments of d'ArsoDval, it appears 
at the useful return of this machine is inferior to 
that of Deprez : that is to say, that the kilogrammetre 
of force is obtained at a greater expenditure. On 
the other hand, it must be admitted that for the same 
Weight tiiis motor gives a better result than the 
' irmer. 

We may mention in connection with the preceding, 



motor which differs very little from them, namely, 
tiiat of Cloris Baudot. It is composed of two 
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point; two straight electro-magnets embrace thJB 
pair of bobbins and give them movement, ThB 
form is shown in Figs. 73 and 74. It may l>« 
likened to two Ladd-Deprez or Trouve motors 
placed end to end. It only differs as regards tb-® 
bobbin, of which the core, instead of being formed o» 
a single bar, is composed of a series of small coieS. 
each having a separate coil. So that, instead "^ 
being a simple armature, it may be considered 9^ ^ 
series of small electro-magnets placed close togetb-®'' 
and of which the poles are joined by a single bar, 
seen in Fig, 75. Figs. 73 and 74 show the arranf 
ment of the whole, and, as will be seen, the elect>^^^ 
magnets are straight, and have their bobb-^ 
Fio, 75. about the middle of their length ; the arn::^:^' 
tures revolve between the prolonged pol -— * 
This little motor has however nothing ve^^^ I 
original, and has not been much nsed. 

As will be seen, in these little mot»^^--^^ 
*■ inventors have taken into consideration oi*^ 
^ of the conditions we have mentioned abov^ ' 
the large mass of iron has a constant ma^-^^" 
netism, while the alternating magnetisaticC^^ , 
only takes place in the bobbin, which t 
of very small mass. Join to that the very higZ"^^* 
speed of these motors (about 3000 revolutions pe^^ ., 
minute), which seems a necessary condition of at-^T 
electric motors, and the advantages will b*-^^ 
understood. 

It will be inteteating to mention 



which M. DepTezi tas svig^es.\,ej&. aa an. ^x^-rosi'Si^A,' 
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It is represented in Fig. 76, It coneists of a very 
short Siemens bobbin, and, contrary to the foregoing 
arrjmgementa, this bobbin is fixed. It is surrounded 
by a,Ti iron hoop B B, with two coils of wire. On the 
cux-r-ent passing, it renders one half of the ring and of 
tha armature magnetic, and these repel one another. 




iir- inoval>l.^ it at 
"fiCe revcilvm, thu iirushos wliiuli communicate the 
^^Tent being so fixed tliat the current changes 
"•FGction at each half turn, and the rolation is con- 
**atied. 

-This is wanting in principle ; it is in the great 

5^*88 of iron tliat the magnetic alternations take place. 

_'*6tefore, this motor is very inferior to those pre- 

^^Uely described. We have, howeyer, m6n.tvQQ6<i it 
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on BccooDt of the singnlarity of it« fonn and the 
analogy which it presents to other machines, par- 
ticularly to an American motor which was noticed at 
the Eitbibition of 1881, invented by Griscom. This 
I also u dynamo-electric motor. It consists of » 




Siemens bobbin, but, as will be seen in Figs, 77 and 
78, this bobbin is surrounded by a sort of hollow 
cylinder of soft iron, or more correctly, of malleable 
casting. This cylinder is wound with two coils, 
dividing it into two halves, and combined to prodace 
two consequent poles at the two extremities of th« 
^tame vertical diameter. When the axis of Hie 
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bobbia nearly coincidea with the line N S of the 
consequent poles, the carrent is reversed, and a 
repalsion ia produced at N and an attraction towards 
S, which spins the movable electromagnet from one 




side to the other as the reversal takes place to the 
left of N S. As will be eeen, this motor aomewhat 
resembles the defective arrangement of Deprez 
mentioned above, only that here it is the bobbin 
which turns while the riog is fixed. It is therefore 
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theoretically correct, and this motor liae given very 
satisfactory rcBults. It ia very small and light, anrf 
its speed very great. We have no precise details 0/ 
its effective return, but this motor bas perhaps been 
more used tban any other. It bas been very extei- 
eively exhibited, and is very largely used for sewing 
machines, yentilators, grindstones, knife 'cleaning 
machines, dentists' drills, small lathes, &c. Another 
little motor which has been a good deal used ie that 
of Messrs. Cuttiisa and Co., of Leeds, which hss 
given satisfactory results. It consists of a Sieves' 
armature revolving between the polar extension^" 
a flat electro- magnet, the magnet and arma^^ 
being in aeries. 

As will be noticed, all these motors are baaed on ^_^ 
Siemens armature; they are therefore not induc^^.i^, 
motors, but magnetic, and in conseq^uence resem. ^_ 
those which have been described in the first part^^-^^ 
this work. .^fi,,, 

Another type of motors must still be consider^^^* \ 
We know that if we place a magnetised needle in -*^^^o^ 
frame surrounded by wire, when a current is ser*- ^w 
through this wire the needle will turn till it seff^V^.jse 
itself at right angles with the wire. If we now revers^ ^-^^ 
the current, the needle will return to its original -i«'S»i 
position, continuing the turn — at least, if the reversa-^ ^y 
, of the current were carefully arranged. We majf^^g. 
thus obtain a continuous rotation, and, in conse-^^»g 
quence, work. It is not necessary either that tb^ 
needle should be a permanent magnet ; it may be ac^ " 
electro- magnet. 
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; is on this principle that the little spherical 
tor of Burgin is deviaed. It will be seen from 
. 79 that he has taken a sphere covered with 
I wound round it approximately following the 
Brizontal parallels. Inside ia an iron core movable 
i a horizontal axis, and also covered with wire. 




1 layers. When the current is turned 
' these two sets of coils tend to set themselves 
(raUel; and if the current is reversed just as this 
lotion is attained, the movement continues. It will 
:ft€en that there is here no variuble magnetisation ; 
part where the currents are reversed is in the 
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exterior wire. This, then, is a (^nrioos principle, and 
different from the others; but at the Bame time, t' 
Teiy powerful action of soft iron, when magnetised, 
is lost. The spherical form adopted by Burgin b 
also peculiar; it must render the winding of tbe 




\ hei 
k inf. 

LI 



wire difficult, and 
strange appearance; 
sphere, with an 
power is rapidly revolved. 
heavier than the last 
iforiuutioD as to its 
JablochkofT has 
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lecliptio form, as will be seen by reference to 

The movable part is formed bj a flat 

[bbin b, placed obliquely on the rotating axis. 

8 bobbin is of iron, and forma also a short electro- 

The part fixed is the larger bobbin, B, 

1 framework of copper, fixed obliquely aa in the 

e of the other, but iDclined in the opposite direc- 

The arrangement of the commutator is such 

)at the current traverses the movable bobbin always 

L tlie same direction, and that the changes of direc- 

n for each half-revolution only take place in the 

d solenoid. The result of the crossing currents 

» this and the movable bobbin is the revolution of 

pe latter. This motor, as well as the former, has a 

P7 original form, and shows that now-a-days every- 

jfiBg is done to utilise every kind of dynamic 

^perty of electric currents. It has the same 

pactions as the rest ; the loss due to residual mag- 

hm is certainly avoided, but the powerful agency 

6 not utilised. It seems to be acknowledged 

pt it is difficult to obtain powerful action without 

S help of soft iron. These two small motors are 

pole, and rather theoretically curious than really 
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■ APPLI 

I The flmall motors which we have just described hftT ' I 

been applied ia ways which it will be interesting t-— ^ ] 
mention. 

The first which presents itself, and which ha—*' 
already been applied for some time, as will haT — "^ 
been seen in the first part of this boot, is the worfc:^— -' 
ing of sewing-machines. It is certain that considei — ^ 
able efforts have been made to practically realise thia ' 
for the working of these machines for a length of tim* ■'' 
by manual power cannot but have regrettable result -^ 
for women. The various small motors that we hav^*" 
described are very readily adapted to this work ; som-^^ 
have been expressly devised for this purpose, notabl^^ 
the Griscom. If this application has not been wid^^ 
spread, it is not the fault of the motor, but rather »» 
the supply of electricity. Powerful batteries are no* 
numerous ; they are difficult to handle, 
are dangerous and give off disagreeable fumes. In 
fact, there is only one which has been effectoally 
employed, and that ia the bichromate of potash, but 

kit is difficult to use this for long together. If si 
day we ahou\d\ia\e&\iatt«iT^,eaj«i."j VasuUsd, ^wef 
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CHAPTER IV. 



APPLICATIONS Off BUAU. HOTOBS. 



Bs constant, and not wasteful, without doubt this 
•■[plication will be very largely adopted. 

At the central telegraph oflSce in Paria the small 

C>eprez motors were for a long time employed to 

"■ork the distributing apparatus of the Baudot mul- 

^^ple telegraph. This mechanism requires a rapid 

^^d constant rotation, with very little work but great 

^gularity ; electromotors are readily adapted to 

PUB, and among them the magneto-electric motor of 

'Bprez has, besides other advantages, a minimum of 

Bndency to variation. At present this work is done 

y Humblot's small water turbines; this kind of 

l**>tor is employed throughout the central Post Office 

t* Work the continuous rotary telegraphs. 

A. very interesting application of electromotors 
^ BDggested and tried by Messrs, Deprez and 
*ontemps in 1880, It was proposed to work by their 
''eanB the carriage of telegrams instead of by the 
^eumatic tubes now in use. This system, which haa 
t*eat advantages, has also a great drawback ; it will be 
"iderstood in what it consists. In a cylindrical tube 
* a little carrier, which is the projectile, and in 
*hich are the telegrams; an air-pump produces a 
'^cvium in front of the projectile at the same time 
"^at it compresses the air behind it; thus driven by 
™*e difference of pressure, the little carrier flies along 
*|*6 tube and arrives at its destination. In this opera- 
™on, at the same time that the projectile is driven 
^Hg, the whole column of air in the tube is also 
^'ven through it, and this produces considetaWft^'dt- 
"OU, The pneamatio tmuamismoa ot te\e^aMia"™- 
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Paris at the present momeDt ab?orle no less than 12(^4 
horse-power. The idea of Mesats. Deprez and Boa- y 
temps consisted in making a small railway of whidi 
the rails would be condnctors, a little motor would 
be arranged as a locomoiiye as in Fig. 81, of tba 
pattern we have called Ladd-Depres, that is to t&j. 




with an electro-magnet, but instead of one bobbin it 
has two, E G, E^ G', one at each end. These bobbin* 
are directly attached to the wheels, and the current 
entering from one of the rails through one wheel 
leaves by the other, in ita course rotating the bobbin 
and thereby the wheels, and thus the machine goes 
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The idea was to build on this locomotive a 

little bos, in whicli the telegrams or even small 

* t pwcela might be put. The tube was abandoned and 

*f 'epiaced by a small railway, in order to avoid the 

'j friction of the air. The trial at the Central Tele- 

jL P^ph OfQce succeeded very well, and, as will be seen 

further on, a similar experiment was tried in Germany 

**niost at the same time. It was calculated that 

"16 despatch of telegrams in this way for Paris 

*ould only require 12 horae-power instead of 120, a 

*"ery important saving. It has however not been 

*Qopted. It would have been necessary to change 

***e entire existing plant, and a further powerful 

'^ason was that the proposed railway would require 

* larger passage than the tubes, and what with water- 

***P^s, telegraph and telephone cables, pneumatic 

*^t>eB, &c., the room taken up by these modem inven- 

*long in those subways of Paris, originally destined 

^**-^]y for other purposes, is jealously watched. 

JM. Marcel Deprez has made another very curious 
^I*X*lication of hia motor. It might be necessary to 
'^t>*oduce at a distance some motion, so that the two 
^^re synchronous. You might for instance put up at a 
^sparture station a needle on a dial, and at the 
arrival station a similar one to reproduce the move- 
ment of the first, whatever it was, always turning as 
quickly as it and stopping at the same point, Thia 
problem has been solved by means of the Deprez 
motor. It L' slightly modified ; instead of one bobbin 
the motor has two, put end to end ; the iron bars of 
these two bobbins are at right angles, as will be seen 
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at A' B", Pig. 82. (Thia arrangement was shown ly 1 
Deprez before Uaudet adopted it (or his mottff.MtiH 
iJuve been already Been.) At the departtue lb 




s a sort of commntafor A B, sending along the lioe ' 
a series of currents alternately reversed. Tiieory 
shows and experiment proTes that the motor tbea 
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reproduces with perfect exactitude the movementa 
of the commutator, even for the highest Bpeeds, 

Trouve principally endeavoured to apply his motor 

to locomotion. He eonatracted before the Exhibition 

of 1881 an electric velocipede with favourable 

Insults ; it wa3 less interesting than the boat he put 

on the Seine, and which was worked on the little lake 

&t the Exhibition. For this he made use of a small 

"ouble motor, that is to say, two bobbins put close 

••ogether, fixed on the rudder-bead. The movement 

"'as communicated by means of an endless chain to 

^ Small screw fitted in the rudder itself, which was 

*ery handy for steering. The electricity waa pro- 

**iced by a bichromate of potash battery in the 

'^'ddle of the boat, and brought to the motor by two 

"^xible cables, which served at the same time for 

y*^fce lines. The whole was light and worked well. 

-■-iie general appearance is represented in Fig. 85, 

^d. it was possible by this means to go at the rate of 

3 metre per second (about 3J miles an hour). 

^ the battery used the plates were attached to a 

, "^^all winch, so that they could be raised or lowered 

^to the liquid as desired. The battery therefore 

^^a only at work when wanted, and Fig, 84 

**o\Ts its general arrangement. Trouve has also 

*^*»8truoted other arrangements of this motor, as 

Pplied to navigation, and where the boat requires 

'^'^isiderable motive power he places the motor in 

**^ boat itself, so that it acts directly on the screw 

^^ft. Another application of this same motor was 

^**Own at the Exhibition of 1881. It was employed 
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to work a pianista. A pianista ia a sort of r 
ic&l key-board, worked by eompresfied air, and & 



t mecfe*^ 
andfis-^ 




to an ordinary piano. By feeding the inatn 
with Bheeta o£ caT4.-Via.ift- ■^\fctiie&. -«S^tL holea, i 
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passing them through by means of a handle, the 
*Pl>aratiia works levers which drop on the notes and 
P^irform a tune. The electric motor was employed 
*** turn the handle, which it is rather tedious to work 
"y land. That which was applied to the pianista in 




I Exhibition, which we give in Fig. 86, was of 
Bnch email dimensions that it was able to be fitted to 
the side of the apparatus without causing any incon- 
venience, and was very well adapted by Journaux, 
who has also applied Trouve's motor to his sewing- 
Bmcbines, Tie pianista, was wockeA ^j'j sis. ^wisia 
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Mechanical Pianos. 

mnlators with a small extra battery for grand 
We need not farther enlarge upon this 
jupplication ; it will easily be seen how, in every 




in wl..>-L - r^^,^Lr ,^.^^,^^ .a ^^.^..-.i,,! „.^,.uut 
I IQtich force, these little electromotorH come in very 
^OTiTeiiiently. We can imagine many instances of 
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this description, which there wonld be no interest in 
enumerating. 

TrouY^ has applied his little motor in another 
curioos way. In agricultural countries, particularly 
those cultiyated as pasturage, running water is much 
used for irrigation. These waters are, of course, Tery 
carefully used and divided. Each little stream has, 
for instance, its day set apart in which it supplies 
water for use. To bring it to the land requiring 
irrigation it is necessary to make trenches and dams 
to raise the level of the water to that of the land, 
These works are expensive, both to establish and to 
maintain. Trouv^ has employed hib little motor to 
work a chain of buckets which raise the water and 
replace the dams. Everything being taken into 
consideration, it does not appear that this means 
would be less costly than the system of dams, owing 
chiefly to the heavy expense of the battery ; it is, 
however, original enough to be worth mentioning. 
Besides, it might be employed in new works, or in 
urgent cases when the works already established 
might be out of order. 

Usually these little motors have been applied 
where regular rotation without much force is re- 
quired, as was the case with the earlier machines, as 
we have seen in the first part. They have, as we 
have said, succeeded their predecessors by extending 
the field of application. It is sufficient to mention 
chronographs, gyroscopes, Foucault's mirrors, &c., 
which are advantageously worked by these motors. 
D'Arsonval has made an interesting application of 



fthe Trouve motor. In certain physiological obserra- 
tionB it ia necessary to maiatain artificial respiration 
in the animal under experiment ; for ihia a little 
bellows moved by water was employed. D'Araonval 
KW lound it advantageous to employ electric motors; 
'■n they are simply connected with the bellows, and 
give it a regular movement, thus accomplishing the 
Work in complete security. 

Before quitting the subject of small motors, we 
fttuat notice some particular types. We have said 
that usually large machines do not answer if reduced 
to very small dimensions ; this is true, but not infal- 
libly so. ThuSj'about 1880, an experiment was made 
fcy Siemens and Halske to make a small postal rail- 
"way, worked by Siemens' ordinary machine, of small 
^mensions. 

They made a little locomotive, worked like that 
described above (p. 196), this last being rather later. 
TThe complete apparatus consisted of a model train, 
■vdth a locomotive and little box-carriages to carry 
^Bpatches, as shown in Fig. 87. It was even pro- 
posed to convey parcels in this way, which would 
have been a great convenience, Difficulties similar 
to those we have already mentioned have put a stop 
to the final execution of this scheme. The small 
machine employed differed only in size from Siemens' 
large machines. 

Since the Exhibition two types of motor have 
been produced, which are taken from the large 
machines, and hold an intermediate position between 
the large and small motors. One is due to Meritens, 
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the other to Gramme. The former has again adopted 
the Paciootti riug: that is to say, as seen in Fig. 8^, 
s movable ring formed of coils in distinct sections, 
separated by small pieces of soft iron. He haa made 
his inductor in the form of a circle, or rather rings 
of iron wound round, and made so as to conHtitnta 
two semicircular magnets, as in the Qriscom motoi 
descrihed above. He has tlius made a simple machine 
which can be cheaply prodticed ; he also conetructed 




\ 



several others, giving from 15 to 50 or 100 kilt^rara-*' 
metres per second. These machines will certainly 
be much used. One type of these little machines ' 
has been provided with gearing, so that it can be set \ 
in motion by means of handles turned by four 
men. It thus furniBhes powerful currents for some 
minutes, and will be most useful in laboratorieei, 
giving the means of proving electric experiments 
without the necessity of maintaining a battery of 
many elements. 
It is the BaTQ.B yiVi^v ^}ttel \\\&e ^i^ssi'saa motor 



Gramme STotor. 



207 



shown at the Exhibition, but thia haa only been in 
t.he market sinoe its close. 

In Fig. 89 is given a section of a slightly modified 
type of Gramme machine. The ring remaiDS the 




same, but tlie loducing electro-magnets are placed on 
one side only, forming at the same time the frame- 
work of the machine The return of this machine 
appears to be favourable It is very comTjftict a.'a.A 
elegant m form Tie apparatus la 'veT^ B\im^M \» 
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Pacinotti's machine, and if the reader will refer to 
that he will see that if the Gramme machine were 
eet on end (as it is figured) it would greatly resemlile 




the early apparatus. Professors Ayrton and PeirJ 
have recently designed a new form of motor. They 
hav6 disoo\eiei Xiisi Vit &^QB."ssi'a-TiiM^»swa tM 
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rture shoulrl, for good results to be obtained, be 
II relatively to the field magoots, whereas for 
Drs the reverse should be the case. They there- 
make the armature large, in the form of a 
mme ring, and inside it revolve a small field 
pet, the axis of which carries the revolving 
iliea. They also adopt a compound winding of the 
1 magnet, consisting of partly shunt and partly 
68 coils, so that the motor automatically regulates 
If. When loaded and when light it runs at about 
same speed, this being a great advantage. The 
tor appears to be very good, and its return high, 
ffe must expect to see other new patterns of these 
tors produced as soon as we are able to command 
oavenient source of electricity. As we have said, 
electric battery, as it now is, is impracticable 
Bii continuous work of any importance is required ; 
i at the same time expensive, inconstant, and very 
Dnvenient, It will, in all probability, be perfected 
Sme, but it is to be supposed that before that elec- 
lity will be made in great quantities by large 
Bhines, and given out at different places in small 
intities ; in a word, we may hope tiiat in the course 
the next few years we shall have learnt to distri- 
te electricity. We will refer again to this question 
eafter. When this problem shall be completely 
I practically solved, the small and medium-sized 
lors we have just described will at once be widely 
tulated, and we shall doubtless see a great many 
ler patterns appear, to the great advantage of 
lividaal labour. 
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CHAPTER V. 



FIRST APPUCATIOS8 Of TBA29SPORT OF FOBOli 

We have already mentioned how, at the Yieuia 
Exhibition of 1873, Fontaine and Gramme submitted 
to the public the first real application of the piin- 
ciple of the reversibility of electric machines, and it 
the same time the first real example of electao 
transport of force, by working a pump at the distauoa 
of 1 kilometre by means of a gas engine. 

This process was but slowly applied : for this then 
were many reasons. At first the machines generadng 
plectricity were few and weak ; the rapid growth d 
this industry, the number of types now in the marketk 
deceive us ; but we must not forget that, in 1873, d 
those now in use, the Gramme machine was the csij 
one then existing, and that was made for speciil 
applications, chiefly for electro- plating. ElectnB 
lighting was quite in its infancy; the arrangem^i 
of machines for this sort of work were not at all siAr\ 
able for the transport of force, as we shall explaii| 
further on. 

There was, however, one attempt made in 1877, i^j 
the Arsenal of St. Thomas d'Aquin. The of&c 
worked a dividing machine 60 metres away from 
motor. This is a transmission which greatly 
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ilea the preceding examples, owing to the Btuall- 
'of the power transmitted. About 1878 Cadiat, 
te Val d'Osne and the Lyons Kail way Company, 
e Bome attempts of the same sort to work tools ; 
the most striking application, and the first which 
really practical, was made in 1879 by Felix and 
tien at the sugar-plantation at 8ermaize. Ex- 
!ve public experiments were made, and caused 
b excitement in the electric world, 
ite work performed by electricity was ploughing, 
I well known that mechanical cultivation, and 
icularly tillage, is very advantageous ; ijt is at 
I economical and productive, but presents pecu- 
difficulties ; up to the present traction-engines 
) been used, carrying cylinders round which ia 
od a steel chain, which draws a plough with 
tal shares. The result is satisfactory ; but these 
bines are very ponderous, they cannot go every- 
te, they necessitate a considerable provision of 
t and use a great quantity of water — all great 
Ivantages, and costly to convey to the scene of 
t With electricity these requirements disap- 
L, In the experiment at Sermaize, two carts 
» employed, each weighing 2 tons, instead of 
like the portable engines ; these carts each 
ied a drum provided with a cable to wind and 
hid, and two ordinary Gramme dynamo-electric 
Jiines. On an electric current being sent into 
e machines they were set iu motion, and this 
tion could be utilised either to turn the wheels 
eonveyance, which then began to move along 
Pi 
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L traction-eugine, or to turn the drum which 
med in tlie cable, and brought towards it an 
icnitural apparatus which made furrows like a 
The electricity produced at the works is 
nveyed by conducting cables to the macIiineB. 
;. 90 gives a general idea of the work. Of cotirse 
s Bysrtem would hardly be applied to such a small 
e of gronnd aa that represented in the plate. We 




i Jj«\-e i> . ... . _l.jiu'r 1.I10 different 

MDliul [KiiiUrJ ot thii '.'Xpi^rimtiut, viz. the works 

i the electricity is produced, which are seen at 

> back, and the receptive machinea at work at the 

t of the picture. 

s give here drawings of the carta which were 
1 Cor this operation. Fig. 91 is a front view, ia 
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which the two Gramme machiDce, which ate Hit 
motors, are easily iliBtinguishable ; they are gnspended 
in some way in a nommon frame-work, of which ths 
upper piece is a bar with ecrews, which allows ei 
their pressing oq a large pulley between them. Ve 
must not, however, forget tliat these maohinee rotel^ 
very rapidly, making as many as 600 revolndona in 
a minute ; therefore a considerable change mnsl be 
effected in the movement before we can obt^n tbe 
powerful effort necessary to move the cable aiii' 
slowly draw the plough. Fig. 92 is a side view, in 




which one of the Gramme machines is bi 
the frame-work of the cart is seen part of the d 
which carries the cable, and the cog-wheels by meaiM 
of which it is worked. To the left is seen tlie 
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kent by nhich tliQ movemeDt is transmitted to tbe 
^eeU of the cart, and makes of it, when requiied, 
jD electric locomotive. 

It remains to speak of the generating machinee 
ihich fumisli the electricity to these motors. At 
Iret ordinary Gramme machines, originally intended 
'at lighting purposes, were used, hut it soon became 
[Kcessary to coustruct special machines. There 
yere several reasons for this. In the first place, the 
^nerators constructed for other purposes were not 
competent to ahsorb and transmit a great electrio 
force ; it was therefore necessary to have them more 
powerful. In the second place, these generators 
himish force in a very inconvenient way, and we 
must lay a stress on this point. 

If we wish to estimate how much work a waterfall 

^rill famish, we must take two things into account : 

•we will call the quantity of water furnished per 

tecond Q, and the height from which it falls H ; the 

ITiantity of work the lall is capable of producing is 

L^na represented by Q H. In the same way, in cal- 

iting the work furnished by a current, we must 

[e two things into account : the quantity of elec- 

toicity flowing through it, which is called the inten- 

Ity I, and the force which propels it or the electro- 

itive force E; the work of which the current is 

kpable is therefore represented by the product E L 

loking at the sum total of the work, it is imma- 

■ial whether this product bo obtained in one way 

another ; whether E be less and I greatet, ot ths 

•traij; provided the product lemama tVa sissiift. 
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tu it would not aSbct the total work. This, horn* 
t»v«»r. diMM lUFoot it oonsiderably if the force hare to 
Ih!» tniiutmittod tlirough a long condactiDg wire and 
tuad« UA^ of at a distance, as we shall see. 

WV haro said that in the electric transport d 
fixrw thon> is always a loss of some of the work ex- 
{H'udvHl : what becomes of this lost energy ? If we 
ftH%rvh for it we shall find it transformed into heat in 
thf^ ivnducting wiros, and in the machines them- 
m'Iv^Hi« Tho laws of Joule enable us to determine 
tho (luantity thus dissipated If we take B to re^ 
prtvK^nt tho total resistance of all the wires of the 
oinniit, machines, and conductors, the heat which 
will ho dt^vtxIo|HHl in them by the passing of a CQ^ 
rtnit with tlio intensity I will be represented by BP* 
In tho applioation wo are considering all this heat is 
usolocts, luul is a loss which we wont to redace to a 
mininuuu, wliioli loads us to diminish to the smallest 
(K^ssiblo qutuitity tlio intensity I; but then, to 
prt^sorvo tlio protluct EI, which represents the 
total work, at tlio some value, we must increase the 
frtotor K : wo arc thus led to employ electricity of 
hifXh prossuro. 

Altliough those laws wore not elucidated and fixed 
ill 187!), as tlioy havo boon since, as we shall see, 
tlioro was already some idea of them ; and endea- 
vours wore mado to produce a type of machine of 
higher tension than those then in use. There are 
two ways of doing this. We know that currents are 
obtained by moving a wire in a magnetic field. E^' 
perience proves that the quicker this movement the 
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igher the tension obtained. The machine should 
herefore be made to turn as rapidly as possible. On 
the other hand, the more numerous the passages of 
the wire acroSB the magnetic field, the more numerous 
wai be the electric impulses which will accumulate 
ir pressure. We are thus led to multiply the number 




of magnetic fields throngh which the wire must pass 
in tunung On these prmciples Gramme recon 
structed hia apparatus in the manner represented 
in Fig 93 The ring la larger , at &t?,\, kv^V "Otifet^ 
t^pear to be eight electro-magnets, A)\A 'WQ wsoo. «fes> 
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tbat they are joined two and two at their extremities, 
8o as to form four magnetic fields. A collector 
which ig not seen in the figm^ receives the impulses 
thos produced, and gives higher tensioD. The 
potential of the first lighting machines was about 60 
to 70 volts ; that of these octagonal machines was as 
high as 250 or 300 volts. We shall soon see that 
this was only a first step, and that it was necessary 
to go much further. However, these machines were 
serviceable, and we shall see more of them io speaking 
of the Electric Exhibition and the applioatians which 
followed it. 



1 
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CHAPTEU VI. 

FIB8T APPLICATIONS FOR THE LOCOMOTION OF 
CARRIAGE8. 

The application wbich should best pay, perhaps that 
in which electricity approaches the nearest to per- 
fection, is the locomotion of vehicles. In all the 
Bystems in use up to the present the motive agent 
itaelf moves with the conveyance it has to draw : the 
horse goes before the carriage, the locomotive with 
the train ; and then there is not only the motor 
itself to move — that is to say, properly speaking, the 
steam-engine — but the boiler to produce the steam, 
and the coal to furnish the heat, besides the water ; 
all this causes considerable expenditure of force. 
Certainly, in contemplating gome steam-engines, the 
wonder is, not that they can draw carnages, but that 
these enormous engines can be made to move them- 
selves. By making use of electricity, the whole 
motive power is reduced to the electric motor fitted 
to the carriage, and which may be very light ; the 
production of the force will take place at a distance, 
at a fixed centre, where the engines can be arranged 
as desired without inconvenience. The coiiweftt,\(i'a. 
Jjetveen the Sxed generator and tbe mo'^m^ "(fi.Q\«"E 
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fOMj be Bftdfr to ftct m Krerml wmja^ bol in no enae 
Acf^ h inteiiere vhli tbe loeotDOlioiL 

Tbe fint ftttempcs in Has line were, howerer, quite 
reeent; Almost all, m we duJI see, bdi^ doe to the 
German firm of Siemens and Hahkft, 

The oombinadon to be af^Iied had nothing com- 
plicated ; it is the electric transport of force in its 
most simple Comu What is there to do after aU? 
To set the wheels of a carriage in motion. The 
dynamo-electric machine is eminently fitted for this 
parpose; for, applied to produce force, it is in the 
form of an axis endned with the power of turning by 
itself. It will sofiice, then, to set up at the starting- 
point a dyDamo-electric machine driven by a suitable 
motor which will send a current to a similar machine 
carried by tbe vehicle to be moved. The system in 
itself cannot properly be called an invention, there 
not being many variations in the execution, at least 
in the principal parts; there are, however, as we 
shall see, some difficulties in the carrying out, which 
have required, after all, no small amount of work and 
ingenuity. 

The first application of this kind we meet with 
was effected by the firm of Siemens and Halske, at 
the Berlin Exhibition, during the summer of 1879. 
It was a small model railway, laid down on a very 
small scale. The length of the line was about 500 
metres ; it was in the form of an oval, so that the 
passengers returned to the starting-point. The train 
was composed of a small electric locomotive and 
carriages for the passengers. The latter were small 
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platforma moimted oa low vbeela, with two rows of 
seats facing outwarda paralliil with tho linos. The 
general appearance of the train was that given in the 
accompanying Fig. 95. 

The locomotive was simply composed of one of 
Sieroens's dynamo-electric machines like that repre- 
iented in Fig. 68. Tbjs was laid horizoDlally oq a 
Iramework with wheels; the hohhin woe placed 
patallel to the line, the field electro-magnets being 
perpendicular thereto. Fig. 94 ia a crosa-sectioii, 




and Fig. 96 a longitudinal section of this apparatus. 
The latter shows a eectJou of the cog-wheels I, t, v, 
and X, by which the rotary movement of the bobbin 
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ufomied nnH trnnnniittoJ to tlin driving* 
I of tlia littlo \m:tii\ii}t\sm; Fig. J>4 hIiowh tlio 
1 vihmX a. whicili tHjmplotud tliu cumtuuQioft- 
a of the tuuvuinuiit. 
It romuiiiM iA> bo wmti how tho eluctric curre&t 

s £roDi tlio Kt)i)'!rutiiig machine. 
To inlrodiiL'e th« niirrijiit a bar of iroa N (Fig. 94) 
I WH Ittid butwuttn tlio two riiiM, uud oricuund in wuod 




!lU" 



i to iiURilateit oloutrir'uHy from t)in Ki.il, On tblx bar, 
&«bteh ran the* whol" length of the way, rutitHl lw<j 
^^ng rubbers of tlm Ifwcinotivu. 'Die curront wm 
nuinoitb;') f^ tbum rubkintinlo tliu murihino; aft^r 
uring dfjiio its wurlt it \mm^A thmiigh (hu whwi^ln nf 
lie locomotive «nd biwk to the ffent-rutor liy the iron 
tilt. It wuH iiot nccesMury fur thu ruilH to bo com- 
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pleu*lT inmlated, for if some of the cnrrent escaped 
into the earth it still returned to the generating 
machine, that being eqaally connected with the 
grvMind. 

A lever d o served to connect or to intermpt the 
cnrrent, and thus to set the train in motion or to 
stop it. 

Thi$ beaotifnl experiment was a great 8nooess,tnd 
the little railwaj was set np sncceasively in other ■ 
towns, BrasReU, Dnsseldorf, and Frankfurt. In the 
Iu£t-mentioned town it ran from the Exhibition to the 
railwav station, a distance of 250 metres; three 
miniature tunnels Iiad been erected on its nmte to 
make it more picturesque. 

More important attempts were to fdlow this fint 
trial. i)n the 12th of Maj, 1881, an electric tnm- 
\Mij for real use was inaugurated near Beriiflf 
bt'tween Lichterfelde and the Cadet's College^ under 
x]i(' tsu|«.Tinti.'ndence of the same firm, Siemens and 

II;il>kr. 

This was not the first project ; thr^re wa4 an idea 
first of establishing an electric tramway in Berlin 
it'M'lf. For many n^asons this work was postponed; 
wljile waiting fur the greater, the lesser work an 

jiCCrlmpli^ht'd. 

The length of the line thus laiid down is 2450 
metres ; it is laid on the level except for the slight 
inequalities necessitated by the declivities of tha 
niut4;. The eh^ctric generator was at first composed 
of two Siemens machines. Of course, this arrang<^ 
nient was only provisional, these machines being 
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led by a single powerful one connected direct to 
ly Bteam-engine. 

9 vehicles are, of course, very different from 
used in the first experiment ; in this case there 
locomotive drawing other carriages. Each 
le carries its own motor, the carriage being in 
>rm of the trams in use in many large cities, as 
, Bmssels, &c. These carriages are capable of 




reuty-sii persona. A representulion of 
will be found in Figa. 97 and 98. In the first 
I may be seen, under the body of the carriage 
en the wheels, the electromotor, which is, of 
!, one of Siemeus's ; the bobbin is placed at 
angles to the road. Its movement is trans- 
d to the wheels by means of a belt working on 
iera outside the wheels, as seen in Fig. 98. 
raiwniasioB of force is effected )iei& m a. ^ox^Oo. 
<4 
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more simple way tlian in the preceding srrangemeDi 
The carriages are provided with brakes, which may 
be put OD at either end, so that the carriage will lu 
in either direction without being turned roond, aa 
with ordiuary trams. 

There is also under the control of the condnctor i 
means of introducing an artificial rosislance, so as to 
be able to regnlale the 
Fio.98, speed; neverthelew, tliis 

is not of very much use, 
as by a Lappy property 
of dynamo-electric ma- 
chines, tbe speed, so to 
speak, regulates it^el^ 
and this is rather an im- 
portant point. 

In Chapter IL of thifl 
second part, which treata 
of the conditions under 
which mechanical work 
is transmitted by meant 
of electricity, we B»id 
that when the receptiTe machine which does the 
work has to make a great effort., it goes very slowly; 
it follows that the current from the generating 
machine, beiog but slightly resisted, grows m in- 
tensity, and furnishes to the motor the means of 
exercising the necessary effort If this effort 
diminishes, the receptive machine goes faster and 
faster, so as to offer more and more resistance to tli8 
passage of the current generated ; this grows weaker, 
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with it the effort exercised, but the total work 

;ted, neverthelesB, increases in proportion to the 

lase of speed up to a certain maximum. 

It 18 thua with the application of electric force to 

e locomotion of vehiclea. Let us suppose our 

Tehicle stationary on a level road. At the moment 

first sending the electric current to set it in 

notion, we have that special resistance to overcome 

vhich is always felt at starting; therefore, the 

tdectric machine, having a great resistance to over- 

nme, will turn slowly; the current will then be 

ity strong, and the effort exercised sufficient to sur- 

onnt the obstacle. The carriage ooce started, the 

Bistance diminishes ; the machine, and with it the 

ihicle, is accelerated ; at the same time the current 

Sminishes : and this continues till the carriage haa 

imed a uniform speed and the current has 

btained the value necessary just to overcome the 

ciction, which always tends to retard the motion. 

If an ascent occurs, the carriage will go more 

towly and the current increase again, so that the 

lotor, in proportion to its slackened movement, will 

Etoeive the increase of force necessary to mount the 

dine. 

If, on the contrary, we come to a descending 
Bcline, it will itself accelerate its machine, and 
ogment the counter-current in such a way as to 
ish the propelling force. It may happen that 
motor will turn aa quickly as the generator, 
Aiich will completely annul the current ; and it 
ky even be that the motor, being hurried along by 
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the vehicle, will turn faster than the other; 
the direction of the current being reTersed, 
motor, instead of receiving work, will have 
produce it, which will tend to slacken the speed 
of the carriage, and thus constitute an electrii . 
brake. 

Dvnamos may also be made powerful brakes If 
sliort-circuiting the machine fixed to the vehidei 
The machine, being driven at great speed by tiB 
momentum of the vehicle, produces througb it* 
short circuit a very powerful current, which pnlll 
the machine up, and thus puts a powerful brabeiA 
the wheels. This means must only be employed 
with great care, for the whole of the electricity liw J 
generated is turned into heat in the machine and a 
the short circuit, and may, if too strong, burn nptlie 
machine and its connections However, carefully 
applied, this means may be very useful ; it may be 
of extreme importance in a moment of danger, when 
it may be necoBsary to atop the vehicle on the spot, 
whatever it may cost, and where it might bo impof- 
tant to sacrifice the machine for the sake of the 
passengers. 

The electricity was conveyed to the motor frois 
the generating machine by a simpler arrangement 
than in the first case ; it was led up by one of "'^ 
rails, and the other formed the return. It 
necessary for the rails to be insulated from ^^ 
ground, which was managed by taking care ll'*' 
they on^j touc\ieA tW ?>\ec^ra ou which they "^ 
fixed. T\i6 GuttftiiX. 'waa -i^ett \rtdM^^\. -^jiV*!* 
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kchine through the tyre of one wheel, and returned 
that of the other. 

This simple and inexpensive arrangement de- 
loped grave faults in practice : in the first place, 
ie insulation is very difficult to preserve, and, not- 
ithstandiug every care, great loss of current often 
and, in the second place, where the rails are 
by a road, it might happen that a man or a 
should touch both rails, which would then 
lord a derivation for the current, and might occa- 
a violent and dangerous shock. This system is 
rtttined in Lichterfelde, but for other applications it 
proposed to give the current a special conductor. 
For this is arranged along the route a line of posts 
Spporting a wire, and on this wire runs a metal 
iarriage drawn by the conveyance to which the cur- 
ent is furnished. This arrangement, shown in 
Pig. 99, has in fact been applied in several cases, 
epecially to the tramway sho\m at the Exhibition 
^ 1881, as to which we shall have something to say 
Vesently. 

At Lichterfelde, for the first time, a difficulty 

(oherent to this means of transmitting power was 

aoade evident ; we refer to the continued variation in 

jiho resistance interposed between the two machines. 

A starting, the motor is quite close to the generator, 

;t the further it goes the greater is the distance 

;ween tlie two, so that the power transmitted 

somes weaker and weaker. In a very short run, 

fault is not of importance, and in the Licbter- 

Ide railway it waa alight, owing to ftieW^e sMe. ftl 
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the rails employed as cooductors, and their e 
electrical resistance, but it naa perceptible. It 
became very marked with the overhead conductois 
which have jaat beea mentioned, and which were 
necessarily restricted in size, and the resislancfl 
relatively great. We shall presently see that thfl 
way to overcome this difficulty is in an appropiiate 




employment of the electricity and the nse of hig^* 
tension currents. 

If the applications of electricity to railways by 
Siemens and Halske are by far the moat nnmeio^ 
and important, they are not the only ones. Weiflort 
mention the experiment of Edison in his laboratory 
at Menlo Park, There are however no particnl*' 
adaptations to record in this case ; they were very 
much the same arrangements as those of the Berlin 
experiment described in this chapter. 

Similar trials have been made in France bf 
Messrs. Cbietien. a»4 "Saix, -wWi -osa QismniO 
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inea ; they were shown at the Electrical 
Libition, and we shall presently describe them, 
(efore, however, referring to this Exhibition, we 
t meutioa sundry other applications, Siemens 
t Halske put up a lift at Mannheim, and we 
^tion it here to show the date, for we shall meet 
|th a similar more complete and perfect application 
I the Exhibition ; the arrangements at Paris being 
■entially the same, it will be more convenient to 
bscribe them. 

'At the sugar factory of Sermaize Messrs. E^lix 
M Chretien made use of electric transmiesion for 
peral purposes, particularly for the discharging 
tuies. In factories of this description active work 
By takes place at one season of the year ; during 
p other months of the year the central engine has 
^ost nothing to do. Here there was an opportunity 

£ake use of its power at other points than in the 
ry itself — for example, on the discharging quays, 
U apparatus is also very simple, as will be seen on 
^erence to Fig. 100. 

I It is a crane formed of a long arm or rocking lever 
Itrying a chain with brackets or trays. A Gramme 
■chine is placed on the movable erection support- 
jg this lever. The upper end of the lever is 
froished with a counter weight, aJid attached by a 
ipe or chain to the barrel, which is worked by the 
Metric machine. The whole thing is brought 
engside the vessel to be discharged ; the barrel is 
lited, and the lever is lowered till its lower end is 
,the boat. The lever i& thea made ia^, ftiA "^^ 
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electric macbine connected to the bucket -chain 
Irliich brings up the beetroots to be landed, and 
npties them into the trucks arranged for their 
reception. 

Several such apparatus are placed along the quay, 
nd can be set in motion by the workman by the 
^mple means of a switch. 

A similar though more complete installation has 
been put up by Dr. (now Sir) William Siemens in his 
English farm. In this case a portable engine in tlie 
central building sets in motion a Siemens dynamo. 
The different points where work is to be carried out 
ire connected with the central worts by conducting- 
Vrirea, some stationary, others movable and fised at 
■will. Dynamos are arranged where the work is 
required to be done, whether in the field, in the 

ras, or elsewhere ; it is only necessary simply to 
'Connect the conducting wires with the machines. 
Thus, in every part of the farm, the current being 
produced in the central building by means of a 
Bteam engine may at any moment instantly be 
Bwitched on for use. We may add that the electric 
current thus generated ia employed at night for 
lighting purposes, and bas been used for very 
interesting experiments as to the development of 
vegetation under the influence of electric light. 
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CHAPTER Vn. 

TRANSPORT OP FORGE AT THE ELECTRIOAL 
EXHIBITION OF 1881. 

The Electrical Exhibition which took place at 
Paris in 1881, and which was so brilliant, contained 
numerous examples of the electric transport of 
mechanical work. We cannot say, however, that 
there was any very new revelation made on this 
point, except in the exhibits of Marcel Deprez, of 
which we will speak by themselves. 

As to the rest, we find currents transmitted in a 
similar way to those of which we have been speaking : 
that is to say, worked at a short distance by means of 
machines of known patterns. Even from this point 
of view there was very little appearance of innova- 
tion ; all the transports acted, with the above-named 
exception, by means of the two types of machines 
spoken of in the preceding chapters, the ordinary 
Gramme machine and that of Siemens. Among the 
numerous new forms of machines produced at this 
Exhibition, none were applied to this purpose. The 
study of the transport of force by electricity as 
shown at the Exhibition would be reduced to a very 
brief and dry enumeration, were it not for a few not 
uninteresting pecxxWwcvXive^ oH. wsoi^ ^IKJa^ ^"^ss^JAa. 
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To dispose of the least important first. Several 

ttna exhibited whole work-rooms of sewing 

lacliines, all driven by electric motors. All were 

rraDged in the same way ; whether they were 

shibiled by the firms of La Meuagere, or Eael6, by 

tariquand or by Hurtu and Hautin, all consisted of 

certain number of sewing machines connected 

lechanically with a common driving-shaft; a 

jnamo set this shaft in motion, and the machines 

'orked. In all the exhibits just mentioned, the 

Iramme machine was employed. 

: It was the same with the machinery of Donnay 

[bt6, Mouehere ; the instruments worked varied, 

lanes, lathes, etc., being shown in motion, but were 

.ways driven by a Gramme machine, receiving the 

nrrent from a similar one placed at some distance 

- the Palais de I'lndustrie. 

Among the exhibits of this sort, the first to be 

itioned is that of Heilmann, Ducommun, and 

lin of Mulhouse. They set up on one side a 

lar battery of G-ramme machines driven by 

,m-engines, and on the other a practical engineer's 

■kshop, worked by a shaft driven by the other 

■amme machines receiving the current of the first. 

^e distance of transport was of course, as in the 

ftwve-mentioned cases, very short ; not more than 

too metres. 

^We must also mention Gieneste and Herscher'a 
itallation ; here a single generating machine served 
10 set in motion three receiving machines. It was a 
fort ol yagae attempt at distribution ot &\fcc'm«i\Vi, 
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of course very incomplete, but nevertheless interest- 
ing, and to be noticed as having some originality. 

Wc now come to the exhibits in which the elec- 
tric transport of force was the special object of 
demonstration. We will speak first of that of 
Chretien and Felix, They reproduced at the Eilii- 
bitioD the electric plough executed by them at 
Sermaize, of which we have already spoken : there 
is no need to say any more about it, as the wbole 
machinery was exactly as we have already described 
it ; to tliis was added a new apparatus constituting a 
sort of railway. Strictly speaking, it was a tract 
something like the tender of a locomotive engine, 
the wheels of which were connected by an endless 
chain to a Gramme machine inside the truck; 
the current, brought by one rail, returned by the 
other, as in the Lichterfelde tramway described 
above. 

The firm of Chretien and F4lix also exhibited ft 
number of tools : for instance, a timber saw-mill in 
which the saws were set in motion by a Gramme 
machine ; a rotary pump whose axis was connected 
direct to that of an octagonal Gramme machiBE- 1 
Last, but not least, was an atmospheric rock-bore'i 
for entting and detaching blocks of stone in a quarry t 
for this purpose it had a sort of solid scissor-blai^' 
which moved with a rapid alternating moti"**' 
striking the stone, where it is required to be cut» 
succession of rapid blows. This operation is accO**V 
plished by means of compressed air to make t'^ 
blow more elastic. The electric machine waa used 
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five the rapid alternation movement to the piston 
rorking the apparatus. There was also to be seen a 
laniHier, striking very rapidly and worked directly 
ty a Gramme machine. This exhibit, as we may 
was important for its extent and the number 
if objects exhibited, but it added nothing on the 
vhole to what had already been seen in France. 
The distance of transport was not more than the 
iridth of the Palais de I'lndustrie. 

?fisrs. Siemens and Halske's exhibition was 
tnore original ^indeed we ought to say exhibitions, 
for tbis noted firm exhibited in the German section as 
firm, in the French section by right of their branch 
in Paris ; in the English section m the name of Dr. 
'irtow Sir) William Siemens, brother to Dr. Werner 
Biemens, head of the German firm A fairly inter- 
testing installation of a collection of tools was made 
hy them in the French section ; among them were 
lunch the same as the others — lathes, planes, rotary 
ipnmps, and besides an electro-pluting bath. On 
■this point an important remark must be made. We 
iave already said that, to transmit force most econo- 
mically and conveniently, electricity of high tension 
isiiBt be employed in order to nse a smaller quantity ; 
the contrary is the case for electro-plating. Experi- 
ience shows that to obtain a metal deposit, the lower 
the pressure of the electricity the better. It follows 
from this, that the electricity used to transmit force 
JB not fitted to deposit copper or gold. This defect is 
'obviated by an ingenious contrivance : the electricity 
'produced by the central engine is employed not to 
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depoeit the tnetal, but to turn a motor, which in 
its turn Beta in motioD by means of a belt another 
dynamo ; it is this last which furnishes the elec> 
tricity for the galyaDie bath, and it is 80 arranged 
that the electricity coming from this ia suitable for 
the purpose. It is true that by these varioua trans- 
formations of electricity into force, and force into 
electricity, a considerable loss is sustained ; but the 
object is attained, which could not be the case if the 
electricity employed for the transport of force were 
applied direct. 

The Siemens firm also exhibited two very interest- 
ing applications : the first, which was not completed 
till nearly the end of the Exhibition, was a lift repre- 
sented in Fig. 101. The apparatus consisted of a 
toothed upright, or more precisely a narrow ladder 
with the ruDgs very close together; two cog-wheels 
C, C fitted their teeth in between these bars. These 
wheels by means of an endless screw were connected 
with a dynamo- electric machine A. When the 
latter received the current it began to rotate, setting 
thevheelsinmotion,and these fitting into the ladder 
caused the whole contrivance to ascend. A platform 
me fixed to this arrangement and moved with i^ 
thns ewrying the persons on it up or down. The 
&e«e(isary current was furnished by an engine at a 
distance of several hundred metres in the Palais. 
A \\(t of the same sort bad been exhibited the 
— "nous year at the Mannheim Exhibition, 

application of electricity was curious and 
Dg, but on a closer inspection it might hare 
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been much criticised^ especially as regards the 
mechanism^ which absorbed much force. 

A less novel, but in many respects more interesting 
application, was the electric tramway installed by the 
Siemens firm and run between the Palais de I'lndiis- 
trie and the Place de la Concorde. The genend 
arrangement was very like that of the railway at 
Li(*hterfelde ; the vehicle was much the same, as may 
be seen from the accompanying Fig. 102, but differed 
in certain important details It will be remembered 
that at Lichterfelde the current was brought by one 
rail and returned by the other ; for this the rails were 
slightly raised from the ground, being sustained and 
electrically insulated by blocks of wood. A similar 
arrangement was at first intended to be employed in 
Paris, the railway being raised to a certain height on 
a framework of wood and iron. The permission to 
carry this out arrived, they say, too lata It may bo 
doubted whether it was ever given, the nature of the 
place being such that a tramway of this nature would 
have greatly interfered with the traffic, even ordin- 
ary raised rails not being permitted. They were 
therefore obliged to use grooved rails like the ordin- 
ary tramways of Paris, that no projection should 
disturb the level of the road. The conditions were 
thus completely altered, and there could no longer be 
any question of communicating the current by 
means of the rails, these not being capable of insula- 
tion. It was resolved to provide a special conductor 
for the current, which could then descend through 
the wheels and return by the rails and the earth. 
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In trying tliis, a new difSculty presented itself: , 
rails being on a level with the ground were coTfll 
with mad and dust ; and it will be understood ti 
this would suffice to impede communication betwt 
the wheels and the rails in such a way that the rets 
was very badly effected. It was therefore dead 
to erect a conductor to tranfimit the current bO 
ways. 

After much thought and repeated experimd 
these conduirtors were formed of two copper tub 
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slit lengthways and laid along a small piece of w< 
suspended horizontally to posts erected along i 
road. The movable rubber or jockey, to conn 
the rubber with these tubes, required very di 
cate adjustment; the form given in Fig. 103 i 
finally adopted. The contact was made, as will 
seen, by a metal cylinder placed in the tube, one ( 
of which was connected to the other across the loi 
tudinal slit *, a Tollet -wVetS. •«n-ttei. «a. \iis, 1,-abe i 



The Paris Eleoiric Tram. 



243 



was pressed against it by springs, so that the contact 
took place both at the piece sliding in the tube anil 
by the wheel rolling on the outside ; this was amply 
sufficient. Each of the two conductors had a runner 
of this description, which waa attached to the tram 
by insulated conducting wires ; the current was 
brought by one and returned by the other. 
This plan worked very well duriug the time of the 
' ibition. The vehicle would have gone at the 
of 70 kilometres an hour, but it never exceeded 
'"kilometres, in consequence of the short length of 
ibe course and the sharpness of the curves. It has, 
^'owever, proved to all the practicability of electric 
^'Iways. 

Besides these exhibits must be mentioned those of 
"*^vier de Varsovie and Marcel Deprez ; but these 
*iH be treated further on, as in them the question of 
electric transport of force is much complicated with 
* Btdll more comprehensive and important subject, 
*"*tof distribution of force. These two exhibitions 
g^ve two solutions of this question, of very unequal 
^*itie, it is true ; that of Gravier being quite elemen- 
t^fy, while that of Marcel Deprez is of great im- 
I^ttance. We shall apeak more particularly of 
tbesB further on. 
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CHAPTER Vm. 

RECENT APPLICATIONS AND ESFERIUENTS. 

Althodgh tlie Electric Exhibition, with the abore 
esception, did not show any marked progress on 
what had already been done in the way of electric 
transport of force, yet it exerted the same good 
influence as the others^t made publicly known lie 
results obtained, and publiBhed the proceedings. 
Since its close several interesting applications of tlie 
transmission of power have been made. At L» 
Rochelle two octagonal Gramme machines ven 
used to bring into the town part of the force of * 
waterfall situated at a distance of about 3 kilometie* 
The motor worked a rotary pump which furniaheo 
water to part of the town : this installation is ia every 
way similar to those mentioned in the preceding 
chapter abont the Exhibition, but it is no longer only 
a demonstration but a practifwl application, wkieh is 
sometimes very different. Tbis system, which h** 
been in use for more than a year, still worlcs well- 

At the cannon foundry at Bourges is now bei"? 
installed a curious transport of force; it wortfl * 
travelling ciaue. This apparatus, as is known, mo'^ 
on rails, and BUovk\^\)fe6te\e\tt wA.^aax^-^jii'^'A^ 
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course ; it generally has a steum-engioe joined to and 
moTing with it. At Burgea a very powerful trane 
was wanted, capable ol' developing about 12 horse- 
power. An engine of this power is very heavy, and it 
was very difficult and troublesome, if not impossible, 
to join it to the crane ; besides, there was power to 
spare in a workshop about 200 or 300 metres from 
where the crane was wanted. Electricity solved the 
question, the officers have promptly taken it up, and 
the apparatus will shortly be completed. According 
to the scheme, the current brought by a special con- 
ductor will return by the rails. The machines are 
of the Gramme type, set up by Chretien and Felix, 

Along with these examples we will mention one 
which is very peculiar. At the bleaching establish- 
ment at Breuil-en-Auge, near Lisieux, owned by 
Duchesne-Fournet, electricity is employed to gather 
up the linen. For bleaching and drying purposes 
the pieces of linen are spread out in the fields, and 
this has to be repeated many times, 

Dupuy, engineer to this firm, laid down along the 
top ofthe meadow a small railway. The train running 
on this consists first of two trucks, of which the fore- 
most contains Faure accnmnlators. "We have not yet 
had occasion to speak of these accumulators, which 
have lately been much talked about; we will only 
say that the Faure system is a modification of an im- 
portant invention, due to Graaton Plante; it was 
the latter who invented an apparatus in which elec- 
tricity may be stored up and used whenever required. 
The truck carrying the accum1llatora^s^J'ae■t«SfilT%^J^^a 
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^^^■DOrce of the electricity, fiehiod this is the sefliB^ \ 




Fig, 104. A Gramme machine is employed. It is 
connected on one side with the wheels of the trncki 
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on the other with a folder. Behind thia truck are 
arranged others carrying baskets to receive the linen. 
This is collected in the following manner: The 
current from the accumulators is sent into the machine 
and the train begins to move ; on arrival at the first 
piece of linen, a lever, shown in Fig. 105, ia worked, 
which haa a double mission, namely, to disconnect the 




cnrtent and put a hrake on the wheels. The end 
of the piece of linen is then taken by the folder ; 
this is connected with the motor and the current is 
switched on, thus starting the folder which takes hold 
of the long piece of linen, raising it to the baskets in 
the trucks biihiad. When one piece is gathered up 
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the motor is reconnected with the wheels, and t^ 



contrivance movee to the next piece. 

This arrangement is evidently only moderateW 
advantageous ; the accumulators are very heaTy. 
about 800 kilogrammes being required, which niiii»! 
a considerable dead weight. In working it in thi*] 
way the principal advantage of electricity is loali j 
which ia to bring force from a distance, as we ha'^ 1 
said ; in the arrangement of which we are speaking, ** 
is only the aptitude of the electric agent to prodii-O 
work that is turned to account, not its faciUty * 
transmission ; but in this case the arrangem»^ 
adopted was ruled by various circumstances. 

In the first place, electricity was necessary. T9 
steam engines were obliged to be far away from tfc? 
meadows, as their smoke was disastrous to the lineCJ 
on the other hand, the meadows are very damp, an .1 
and it was impossible to insulate the rails so as t> 
serve as conductors for the current ; it would there* 
fore have been necessary to set up a special con- 
ductor, as for the tramway at the Exhibition. The 
accumulators were preferred, as being less expensive, 
and as the train never had to go quickly, the weight 
was no great inconvenience, A new application (d 
the same thing has just been made in a bleaching 
establishment at Berlin, 

In Fig. 106 is represented an electric locomotive 
said to have been constructed by Murchisson, in 
which the motive force ia produced by a aimpla 
alternating electromotor, acted upon by a Plants 
accumulator, which in the sketch is in the act ol 
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being charged at the place of departure. De 
Graffigny, in hia took entitled ' Lea Moteura Anciens 
et Modemes,' speaks of it ae superior to that of 
Siemena tried at tlie Berlin Exhibition ; but we can- 
not agree at all witli this opinion, nor with that he 
expresBes about accumuUtore, the principle of which 
he evidently doea not understand. According to 
this writer the speed of the locomotive may be 

Fia. 106. 






- ^St.,sfJ 



I modified by varying the intensity of the current, 
f sod might even be stopped almost simultaneously 
fcy applying the current to the wheels wliich should 
be made capable of magnetiaation, and thus by their 
atrong attraction to the rails their speed would be 
slackened. Further, the trucks were even to be 
beld together in this system by magnetised buffers, 
vhich would allow of instantaneous separation ; the 
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snrpluB power of the geDerator might be used ** 
light an electric lamp at midnight to illuminate tlv* 
road. These very complicated and naeless arrang^" 
ments are altogether improbable, and require Berioi»*J 
proof; no use has ever been made of them, whic^^^ 
compels us to leave them altogether out of th^ 
question. ^ 

Lately, induction machines have also been appliec^^ 
to navigation, and the October papers of 1882 were 
full of experiments made on September Sth on the 
Thames, by means of a boat constructed by the 
Electrical Power Storage Company, and worked by 
Siemens machines. This boat, called the ElectricOy, 
was 7 ■ 62 metres in length, 1 ■ 52 metre wide, drawing 
■ 52 metro forward and ■ 75 metre aft ; it was there- 
fore nearly aa large as that of Jacobi. We give a 
section of it in Fig. 107. 

The motor, composed of two machines, M, IP, D* 
type, was placed under shelter nearly amidships. 
The belts of the two machines worked on the same 
pulley P, which set in motion another pulley R, 
placed on the screw-sliaft. This last made 350 
revolutions per minute, and the machines 950. 

The current was supplied to the motors by forty- 
five Sell on- Vol km ar accumulators, A A, with forty 
plates weighing 816 kilogrammes, and with an 
E.M.F. of 96 volts. It was said that this electric 
generator could furnish a current of 30 amperes, 
which would give four horse-power for six hours. 
The apparatus was completed by a commntator by 
iriiich the num\i6x oi alCgo■^^«i?L»^m& -nfl^:^ "W -vtosA^ j 
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here was besides a mechanical arrangement made 
which either of the motors could be shut off at 
ill; these were also made eo that the machines 
»uld he reversed. There was tlius every facility 
IT stopping the boat quickly, and for going astern. 
lie person in the cabin who attended to the com- 
i*utator also steered. The whistle found in ordinary 




l.^ oamboats was replaced by a large hell also worked 
■**y the accumulators. 

The Electricity would carry twelve persons, but in 
'the experiments made on the Thames between 
, Xondon Bridge and Mill wall, only four went in her. 
The mean speed they went at was nine miles an 
hour against the ourrenf, according to information 
farnished by the expeiimentera. 
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Several enoaller installatioiiB may be mentioned; 
wo will first refer to that of La Belle Jardiniere- 
In this large outfitting establishment there is on the 
top storey a workroom full of sewing-machines; it 
was wished to work these machines by means of a 
motor, but the engines being in the basement, the 
mechanical transmisBion was very difficult. The 
problem was solved by electricity: a Gramme 
machine below, another above, two conductors, ami 
the transmission was e£fected. The women were 
thus saved the working of the sewing-machinea, 
which is arduous and often seriously injurious to the 
health if prolonged. 

There are also applications of this sort in the 
Grauds Magasins du Louvre ; one of which at leflst 
was started perhaps even earlier than that of ha 
Belle Jardiniere ; it is used for the transport of force 
between the Magasins and a workshop in the Rue 
de Valois ; the wire crosses the Rue St. Honore, and 
the current sets in motion a collection of cutting-out 
and sewing-machines. The same method is em- 
ployed in the workrooms in the Avenue Kapp; a 
number of sewing-machines are electrically driven 
by an engine situated at some distance from thenL 

A very interesting application has just been effected 
in the goods station of the Chemin de fer dn Nord. 
In speaking of the Electric Exhibition we did not 
mention a small electric windlass exhibited in the 
English section. It was very simple : a Siemens 
machine, according to the direction of the current 
fransmitted to W, flOXHA ot msi^-swiA isa, fewUess 
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Bhain, and packages could thus be raised or li 
Irhe apparatus set up iu the Giire du Nord by the 
FreEch branch of the Siemens firm ia similar, only 
it ia also provided with the means of moving from 
place to place, thus constituting really a travelling 
Urane. To the beams of the goods station grooved 
bon rails are attached and suspended. On these 
rails works a sort of truck, containing a Siemens 
bachine connected with a windlass. Above this 
arrangement run copper tubes as conductors; they 
are exactly similar to those described in speaking of 
the Exhibition tramway enclosing sliding contacts. 
By means of a chain, the current is sent into the 
machine, and this is connected, sometimes with the 
windlass which ia then used to raise burdens, some- 
times with the wheels of the truck which then carry 
tt aloug from the loading to the unloading place, 
and vice versa. The electricity is supplied by two 
Gramme machines about B50 metres away, and the 
working of this plan is completely satisfactory- 
We may expect shortly to see many similar appli- 



Seeides the foregoing, numerous important pro- 
jects have been worked out and proposed ; we can- 
not yet say how they will turn out, but it will be 
interesting to say a few words about them. We 
already mentioned the projected tramway at 
irlin ; its arrangements are very similar to those 
have been worked out by Messrs. Chretien 
1 F^lix for a tramway to be erected on the Eoule- 
ifl Paris, between the M.a4e\e\Re Kai. 'Oa'6 
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Bastille. We will give a few details of tiiia Usl 
project, which is very complete. 

The double line of rails rirna on a viaduct bnilt 
the whole length of the way, which consists of an 
irou structure resting on a siogle row of la^ 
pillars ; the space occupied is reduced aa much as 
possible, and the height is from 5 to 7 metres above 




B level of the grounu ; there fire no crossings not 
changes of line. The stations, branch lines, etc., are 
designed with great care and thought, and the general 
appearance is shown in Fig. 108. The motive power 
is furnished by fixed steam engines, specially de- 
signed, working Gramme dynamos by which the 
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electricity is furnislied. This ia conducted along 

the route by copper wires. Each tram carries a 
machine which receives the electricity, transforming 
it into power in a similar manner to those already 
described. The authors of the project proposed to 
have two generating centres for the length of the 
Ime between the Madeleine and the Bastille. The 
carriages, similar to the tramcars we have already 
represented, were to be 8 metres in length and 
contain fifty passengers; they would not be made 
np into traios, but each carriage would run singly 
and frequently like omnibuses. As we may see, all 

.the details of the project have been well thought out, 

;and the question of finance has not been neglected ; 

.an application was even made for a concession, hut 
it is very doubtful if this project will ever be executed, 

.at least in Paris, for the general opinion there seems 
to be in favour of an underground railway. It is, 
liowever, well to take note of tliis proposal, for 

isimilar tramways will certainly be built some day. 

The recent Electric Exhibition at Munich has 
shown that this is still one of the questions of the 
day : some very interesting experiments were made 
there. Some confined themselves to arrangements 
already known, and developed no new peculiarities. 
Thus Edison set up a sort of dairy where the imple- 
ments were connected to a driving-shaft worked by 
an Etlison machine, which received the current from 
a similar machine at a distance, which however was 
in this case not more than a few metres. Schuckert 
exhibited some agricultural implements running 
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lighty worked by an electric machine, bnt in this 
case the generator was situated at a distance of 
5 kilometres, and was set in motion by the Falls of 
Hirschan. The distance of transport was therefore 
considerable, though not exceeding the limit of tha^ 
already attained. We should say that the oon^ 
ducting wires connecting the two machines were o^ 
copper, 4 ' 5 millimetres in diameter. This fact should, 
be remembered, for it is not the distance between 
the machines where the di£5culty is found ; this, as 
we have said, lies in the resistance encountered by 
the electricity in the conducting wire, through which 
it must pass from one station to the other. This re- 
sistance increases with the length of the wire, which 
is the reason of the increased distance being an 
obstacle, but it diminishes when the wire is increased 
in size ; it is also less when the metal of the wire is 
better adapted to the passage of the current, and 
possesses what is called a higher conductivity. Now 
everyone knows that copper is a better conductor 
than iron, and it is the latter which is used for 
telegraph wires ; if we compare the conductivity of 
the two metals we find that in Schuckert's experi- 
ment the copper conductor of 5 kilometres was 
equivalent to 770 metres of telegraph wire : that is 
to say, if he had employed iron wire, it wotdd have 
been necessary to place the machines only 770 metres 
apart in order to get the same effective return. This 
consideration is very important, for it is the difficulty 
of laying down the conductor which is the great 
trouble in the transmission of power. If it were 
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possible to place between two stations, however 

TCmote, a thick rod of pure copper, there would be 

little or no difficulty in the electricity passing, and 

the distance would be of no account ; but this sort of 

•nstallation would be an immenae expense, out of all 

proportion to the useful results arising from such a 

transport. It is this question of expense which is 

definitely concIuBive. When we propose to transmit 

force by electricity it is in order to turn it to good 

Account, and thia becomes impracticable if the 

installation is too coatly. In these installations it 

^ the condacting wire between the two stations that 

^ the great expense, and it is therefore of primary 

^'Qportance to have this aa thin as possible and of 

*l*e least costly metal. 

i"rom this point of view, as also from others to 
^uich we will refer, the experiments made by Marcel 
■"eprez at Munich are of the highest importance. 
■He transmitted a force of about a half cheval-vapeur 
"V>xa the little town of Miesbach to Munich, 57 kilo- 
metres distant, making use for this purpose of the 
Ordinary iron telegraph wires 4'5 millimetres in dis- 
aster. These wires were besides set up and insulated 
m the same way aa for ordinary telegraph purposes, 
*ithout taking any special precautions. This trial 
s^ose from what had already been done, and which 
*e have described above : this marks a very 
•^portant step, and we will explain it more par- 
ticularly. 

la electric transmission of work nothing is created 
"^y more than in any other case; we only apply 
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work performed by aome special action : therefore W8 
can reap no more force in any particular instance 
than is generated by that action. This qoantity is 
defined, and is capable of being measured: this iB 
in fact what we can do for electric currents. If. "S 
we have already said, we take E to represent the 
electromotive force which propels the current, and 
call the intensity I, the total force generated by this 
current will be represented by the product EI. We 
wish to turn it into mechanical work, the valaa of 
which we represent by T ; if our transformation were 
perfect we ought to obtain the whole of the foree 
of the current in work, when we could make 
EI = T. 

Unhappily, this equation cannot be realised. 
There is, besides, an elemeut of which we haw 
taken no account To have an electric current we 
must have a conductor to convey it, and this mora 
eepeolally when transmission is required, for it serves 
to conduct it to a distance ; and we know that any 
conducting body offers resistance to electricity. 

It is precisely this resistance to the flow of elec- 
tricity which we have ignored, but we know that thii ' 
resistance always manifests itself by generating a 
certain amount of heat in the passage of the current 
We learn how to measure this beat by a law dis- 
covered by Joule. If we take R as the resistance the 
electricity has to overcome, and I, as we said above, 
for the intensity of the current, the total heat 
generated is expressed by the product R P {I* being j 
of course the square of I, or I multiplied by it^If). 
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Thi3 heat ia produced at the expense of the force 

merated by the current, and our equation, to be 

irrect, must stand thus : E I = E I^ + T. 

We see at once that the quantity K I' ia to tho 

striment of T ; it means a loss, and as we cannot 

itirely suppress it, we must eodeavonr to reduce it 

I the smallest possible dimensions. The first means 

to reduce R. Looking at the whole question, we 

6 that B ia composed of three parts; the first, 

irhich strikes us immediately, is the conductor which 

unites the generating station with the receiving ma- 

eihine. We have jnat referred to the diflSculty found 

jn reducing the resistance of this conductor, which 

becomes a question of expense and necessitates the 

ODUsideration of economic requirements. The two 

other parts of S, are not so striking at first, but will 

Tm found in the machines themselves. We must not 

ftirget that they are formed of wire coils, which the 

Snrrent has to traverse, and where it also meets with 

resistance ; other things being equal, it is of value to 

feduce this as much as possible. 

After diminishing R, we have yet another means 

reducing R P ; it is to lessen I. We may do this, 

W doubt, but on one condition : admitting that it is 

Bdvantageous to reduce RI^, which ia the loss, we 

qinst not reduce the product E I, which ia the energy 

our disposal ; we can then only reduce I by 

increasing E, so that EI may not be leas. From 

tvhich we see that to obtain an economical tranamis- 

IBon we are obliged to employ currents of low 

Dtensity but high tension. 
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We may even go further : we have already seen 
(Chapter Y.) how the machines act in the transmis- 
sion of force. A generating machine turning at a 
certain speed sends its current to another machine, 
which we will suppose similar to the first The 
second starts, and if doing no work, goes at the same 
speed as the first ; in this case, as we have seen, the 
current generated in the circuit is niL Why ? The 
explanation is simple. The second machine in re- 
volving generates electricity, as does the oth^, and 
tends to produce a current in the opposite direction 
to that of the first machine, and neutralises it to a 
certain extent If the two machines are going at 
equal speeds, the currents are equal ; they cancel one - 
another entirely, and no current is apparent in the 
circuit. If, however, one of the machines goes slower 
than the other, the contrary currents are unequal ; 
there is a difiTerence, which is shown in the form of a 
current of more or less intensity. That is what 
happens when the second machine is at work; it is 
retarded by this work, and the current shows itself 
with an intensity great in proportion to the reduction 
of the speed. 

We may then consider the receiving machine as 
an electric generator working in the same circuit as 
the other, but in the opposite direction ; it is then, 
like the generator, the seat of an electromotive force, 
and as we have called the first E, we will call the 
second e. In the system of two mcushines which we 
will consider, t^vece^ S& ^i^^ <5i^^ ^3Ma»nt flowing 
through the two •, ^^Kiet«i Sa ^^so. ^^ ^\ife \siMB8s&5s> 
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ffhicti we liave called L We have seen above that 
Qie total energy produced by the generator was E I, 
experiment and theory show that tho energy 
developed by the receiver is shown by the formula 
lel ; it ia the total work which it cim develop, and is 
the value of the quantity we have hitherto called T, 
and our eqnatioa therefore takes the complete form, 
EI= EP + eL 

It ia very important to know what is the propor- 
tion of the work obtained, viz. the ratio between the 
energy recovered and the whole energy expended. 
jThjs is the return, and we may ascertain it without 
'difSctdty electrically; the real ineelmnical return is 
Of course less, owing to friction, etc. The work 
generated ia E I, the work recovered is e I, and the 

el 
fBtam will then be -p^-- ; or cancelling I common to 

&e two terms of the fraction, when the circuit does 

[lot present excessive loss, the return is equal to =■. 

^t will be Been that the resistance is not taken into 
Recount in this formula, and as the resistance repre- 
lentB the distance of the transmission, we are led to 
Eonclude that the return does not depend upon the 
distance. It must be observed that if the amount of 
Work recovered and the loss suffered are fixed, that 
is to say, the return, the figures may be, as we have 
jBaid, chosen without reference to the distance ; but 
this can only be the case if the electromotive forces 

faMl certain precise conditions, and reach certain 
hascertained valaea. 
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These lawB were guessed at in the years preceiiiDg 
the ExhibitioD, and, as we have said, a teDdency had 
been shown to employ electricity of high tension foe 
the tranamisaion of power, but this prepress wus 
more instiactive than reasoning. It is to M. Marcel 
Deprez that we owe the entire theory as we We 
given it; he was the first to show, ia the years 
1880-81, that it was possible to obtain at iiny 
distance any required force with a return fiied 
beforehand, provided only tliat certain requisite 
electromotive forces were given to the macbinea 

He did more : he showed how to obtain these 
electromotive forces with certainty. 

Till then dynamo machines had been treated in a 
somewhat empirical manner ; certain laws which 
governed them were well known, viz. the laws of 
electric induction formulated by Ampere and Faraday, 
but certain points remained in an obscurity which is 
not even yet entirely dissipated. Among these 
little-known points, the magnetisation of iron by 
electric currents must be placed at the head. The 
machines, as we have shown, produced electricity 
by rapidly passing wires before the poles of an 
electro-magnet ; this forms part of the machine 
itself, and its variation depends upon that of the 
machine, and unfortunately the laws of this varia- 
tion are unknown; every time a machine was 
modified or a new one was made, there remained 
perforce an unknown element which influenced the 
result. By a very happy conception M. Marcel 
Deprez showed ttia\: ft^e madcifisfi ^la.'jjA be varied 
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thout modifying this mysterious magnetic field, 
id that the known lawa were BufBcient without 
laking the rebellious element into account, which 
imained invariable. From that time it became 
possible to determine beforehand the results that 
Fould be obtained from any machine, and to 
Bonstruct it with a degree of certainty till then 
impossible. 

After very complete laboratory studies in this 
Wnse, the principles which he enunciated were very 
Jtoinntely verified, and he obtained the remarkable 
fesult of which we have spoken, and which was the 
first example of the electric transmission of force to 
K great distance under practical conditions. 

Since the Exhibition much has been done in the 
Way of experimenting, and M. Marcel Deprez has 
Recently surpassed himself in his experiments at the 
Chemin de fer dii Nord in Paris, where, with two 
koachines specially constructed by him, he succeeded 
la transmitting two horse-power through an ordinary 
telegraph wire 4 millimetres in diameter, nearly 
10 miles long, this being done with an expenditure 
in tbe motor of about 6 horse-power. At another 
■amilar experiment about 10 horse-power was put 
into the generator, and about 3^ horae-power received 
I at the motor. In these experiments, however, the 
machines were placed side by side, two of the poles 
!| iMing joined by the long wire and the other two 
\f poles by a short thick wire. To this arrangement 
some objection may be taken on the ground that it 
would not correspond with actual conditions of 
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working, sapposing the machines to be 5 miles apart 
and joined by two telegraph wires, and these experi- 
ments have, in consequence, been very much criti- 
cised. In the notes at the end of this work will be 
found a translation of the report of M. Tresca, pre- 
sented to the *^ Academic des Sciences " with all the 
electrical and mechanical data of the various ex- 
periments. 

Many important projects are now also in hand for 
the practical application on a large scale of the 
transmission of power by electricity, chiefly for the 
purposes of locomotion. Among these we may 
mention the subterranean railway at the mines of 
Zankerode in Saxony, the Portrush railway in Ireland, 
the proposed railways in Switzerland and in Cornwall, 
both of which are to be worked by the natural forces 
abounding in the districts; also the underground 
railway from Charing Cross to Waterloo Stations, 
which is to run underneath the Thames through a 
tunnel, and the whole of the traffic is to be worked 
by electricity, Messrs. Siemens Brothers being the 
contractors. The necessary Bill is now before 
Parliament, and without doubt the works will very 
shortly be begun. « 

The two first-mentioned railways, those at Zanke- 
rode and Portrush, have actually been accomplished, 
and merit description. In the former case, as the 
railway was subject to rough usage in the mines, 
and the rails could be but imperfectly insulated, 
recourse was had to another method of supplying 
the locomotive with the current. Two T iron rails 
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inverted are fixed to the roof running the whole 
length of the line, and on these work two carriages 
>eonnected by insulated flexible conductors to the 
ierminals of the motor, which is fixed with its axis 
lengthwise on the car and works one pair of driring- 
wheels by means of bevel gearing. The engine is 
'reversible, and the starting or stopping gear, etc., 
can be worked from either end. The weight of the 
locomotive is about a ton and a half, and it can 
'develop power sufficient to draw a load of 8 tons at 
■ the rate of 7 or 8 miles an hour. The work was 
^ designed and carried out by Messrs. Siemens and 
OSalske. 

The Portrush railway is another example of the 

snccessfal appheation of electricity to locomotion. 

Ihis line is single and is six miles long, uniting the 

towns of Portrush and Bushmills. The power is at 

present supplied by a steam-engine, but it is intended 

,to replace this by water power obtained from the 

Falls of the Elver Bush in the neighbourhood. The 

iron conductor consists of a well-insulated iron 

I T rail running alongside the line, two steel rubbing 

I springs making contact to the dynamo, after passing 

J which the current goes to the wheels and thence by 

the uninsalated rails to the generator. , The line is 

I in reality a tram-line, and parts of it run tlirough 

the towns and the remainder alongside the existing 

load. There are, therefore, several places where 

the T iron conducting the current baa to be broken ; 

some the opening is not equal to the length of the 

ear, therefore the two brushes are used so that 
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contact is made with the next condnotor before it is 
broken on the one before, but in other cases, where 
the openings are wider, the car has to run by its own 
impetus over the break. This is easily managed in 
practice. Where the breaks occur the current is 
conveyed by copper conductors well insulated and 
buried underground. Comparisons have been made 
as to the expense of working the line by electricity 
and by ordinary steam tram locomotiyes, and from 
practical experience the electric method is shown to 
be extremely favourable, even when steam power is 
used to generate the current ; but when the water 
power can be made use of the economy will be very 
marked, and the wear and tear of the. permanent 
way will be very much less than with steam loco- 
motives, owing to the very much lighter rolling stock 
required. 

We must here notice a proposal of Professors 
Ayrton and Perry for the supply of current to a train 
in motion. The earliest experiments in electric 
railways showed the difficulty of supplying the cm*- 
rent through the rails, owing to the impossibility of 
obtaining perfect insulation thereof. For a short 
distance this could be managed, but on a long line the 
leakage became too great for this plan to be eco- 
nomically used; these inventors therefore propose 
that a long line should be divided into small sections, 
each moderately but not perfectly insulated. The 
current would be supplied to each section by means 
of well-insulated copper conductors running along 
the line, and e8uG\i \»Tam ^^'a "vX. ^\:^vi^^ ^ ^ ^fcR^oa 
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*onld automatically close the circuit by acting on a 
lever ; as long as it was on that aeclion it would be 
be supplied with cnrrent, and as it left it, it would 
shut off the current from the one it had just 
left, and turn it on to the new one. By thia moans 
Qie rails might be used to convoy the current to the 
fenotor, and at the same time very efficient iusu- 
Jlation obtainod. This wonld also provide a very 
iperfect system of blocking, for it might easily be ar- 
tanged that no current could be supplied to a section 
immediately behind one on which a train was at the 
time, so that a train behind, on coming to that sec- 
tion, would stop of its own accord until the train in 
front was out of danger. This invention has not 
lyet been applied, but it appears a very good arvange- 
iiaent. 

I We have already said that the electrical transmis- 
^Bon of energy will no doubt be first applied in the 
[ntiliaation of natural forces, hitherto useless on 
[^.aecount of their situation, and at the head of these 
,are waterfalls. It may be that at first sight one 

iis not struck with the importance of these forces, but 
let the reader reflect a moment, and he will he able 
',to call to mind some forces in his neiglibourhood 

which have hitherto remained unemployed. Kivers 
I have nearly always falls which might be utilised ; for 

example, the weirs in the Seine, in the vicinity of 
I Paris, might be made to yield 2000 horse-power 
:each, and there are three within a radius of 10 
I kilometres. There are few places near which there 

f^e not numberless instancea oS eMonttCi>ja •aataix'bi- 
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powers at present wasted : for instance, the nomerons 
falls of the Thames, near London, and the vast 
power of the tide in the lower parts of the river 
would suffice, not only to light up the whole of 
London, but also to supply it with all the motive 
power required ; and it is not necessary to mention 
the often quoted Falls of Niagara to show that there 
are around us innumerable sources of energy, the sum 
of which would add immensely to human power. 

This is only one instance of the transport of force, 
which is the most striking and will undoubtedly be 
the first utilised, but there are others : the enormous 
power of the tides may be utilised ; the irregalar, 
but at the same time very great power of the winds 
may be accumulated and transported, and there are 
many others. From a general point of view it is a 
valuable property, that we are able to give to power 
a sort of privilege of ubiquity; its advantages are 
thus multiplied in an immense proportion, more 
especially if to it may be joined the property of 
sub-division, of which we will now treat. 



THE DISTRIBDTIOS OF ELECTBiaTT. 

Jt will have been seen from the preceding chapter how 
"ttBefiil it is to he ahle to transport a power, and how 
This property has already received and will yet re- 
ceive mimerouB applications. The question appears 
most promising, for in this way we shall be able 
to bring to the work to be executed the very great 
natural powers, snoh as those of waterfalls, hitherto 
useless. But the problem is not thus completely 
solved. Suppose in fact — and the case will certainly 
happen— that a force of 1000 horse-power has been 
reclaimed and transported ; advantage must be taJren 
of it. But there are comparatively few establishments 
which have need of such an amount of motive power, 
and it must be divided among several factories ; this 
is possible, within certain limits, by mechanical 
means, but the distance is very restricted, and it can 
only be done at great expense and with great loss of 
power. The true solution is evidently to divide the 
electricity itself, and only to transform it into 
mechanical energy after it has been distributed 
taaong the conaumers. The dialTibuWoTi laa."^ \\i\)iffls, 
manner be moxe easily maiiage4« e\ec\?c\ii^"j \:Ki»% 
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easdj divided and distributed hj means of simple 
oondacting wirep. A mach laiger sabdinsiaii may 
therefore at once be imagined, almost nnlimited: not 
only will a greater power be distributed among seTenl 
manofactories, bat in each one the motive power will 
be again sab-divided to supply each indiTidnal 
machine or tool ; farther, the total canent will be 
sab-divided into nnmberleas separate currents, each 
supplying separate places, whether fisustories, works, 
or private houses, thus distributing everywhere the 
numerous advantages of electricity. 

All that ia, no doubt, possible, but on the condition 
that this subdivision of the cnrrent is carried o«it 
with regularity and certainty. It is necessary tiiat 
every individual apparatus and consumer shall 
receive the allotted portion without influencing the 
others; in a word, electricity must be distributed in 
the same way as water. 

The problem is not without difficulties, for 
although it is easy to subdivide electricity by simply 
presenting to it an open passage, it is not so easy to 
do so in a precise manner. 

First let us recall Ohm's fundamental law. We 
know that if we call I the intensity of the current^ 
E the electromotive force of the generator, and B the 
resistance of the circuity the proportion between these 

E 

two quantities is expressed by the equation I = ^* 

Suppose then that we dispose of a source of elec- 
tricity and distti\>\i\/b 1^*^ c^^st^iit ec^oally among 
several machinea QwVnid^i laa.^ \«^ ^a5Si^'^^ \«^^R«issM^^ 
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iwths, motors, etc.), which for Bimplification we will 
nppose all similar. We connect the first apparatus, 
ind a certain order of things is the result ; a current 
|f intensity I reaultiog from thp electromotive source 
B and the resistance E is eatabliahed, and the instal- 
lation is adjusted : we have now to put on a second 
apparatus ; how is this to be done ? We will first 
pot it followijig the other, and on the same circuit, 
rat then its resistance will be added to that already 
existing and the intensity cannot be the same — it 
■will be diminished ; consequently, if the installation 
was before properly adjusted, such can no longer be 
.the case, and both the first and second machines will 
be insufBciently supplied. To re-establish the 
previous state of things and maintain the original 
intensity of current, we must, in proportion as we 
(■iatroduce in the circuit any apparatus increasing the 
,1 ^sistance, increase the electromotive force of the 
'I generator, i. e. give it a suitable regulation. 
\ Before adopting this means, let us try another 
j, way. In the first case, having one machine in the 
' dircuit, we put the second in the same circuit ; instead 
of doing this, we might make another circuit for the 
second apparatus, thus affording the current another 
path. Let us see the result : with the first apparatus 

E 
,| the current had an intensity, I = 51 and everything 

|1 went well ; we introduce a second apparatus on a 
■ second circuit, the current thus finds two paths open 
, instead of one, the resistance ia lUexefote Vvaii «a 
^great as at Siat; E is dimiiufihed. \>^ \ia!^, saA 
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becomes equal to „ ; it follows, then, that the in- 
tensity I will be doubled ; thus doubled it will dlviiie 
itself between the two similar paths open to it; tlie 
first apparatus will maintain its intensity I, and tbe 
new one will receive another similar intensity. From 
this it would seem that the problem was solved; bat 
mxfortunately the reasoning that we have given b 
not exact, and we have neglected a necessary eleineDt, 
We have admitted that in offering to the canent tw 
circuits instead of one, the resistance which it ffonld 
have to overcome would be halved, which is not 
correct ; in fact, the resistance through which tli^ 
current has to flow does not consist solely of the t«o 
circuits on which are the machines, it includes al^o 
the individual resistance of the generator. Whetli^' 
this be a machine, a battery, or whatever we tD^J 
suppose, the current must always traverse it, and i* 
always meets with a resistance therein; it follows 
therefrom that by doubling the exterior circuit pre- 
sented to the current we have halved the exterior 
resistance, but we have not touched the resistance of 
the generator, which is called the interior resistance. 
The total resistance has therefore been diminished, 
but not by half; therefore, although the intensity 
has been increased, it has not been doubled, as we 
supposed just now, and our installation is still defec- 
tive : it could only be exact by doing away with tbe 
resistance of the generator, which is impossible. In 
; of ttia meana, ■we Toxi.'A la.?^ the electro- 
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motive force of the generator, or in other words, 
eflfect a regulation. 

In whatever way we may work, we are therefore 
obliged to regulate the electric generator according 
to the demand of energy caused by introducing other 
apparatus successively into its circuit. 

In looking a little more closely into the question, 
we Bee that to be satisfactory this regulation must 
comply with three conditions : — 

1st, The several apparatus placed under distri- 
bution must be separately supplied; that is to say, 
each must receive its necessary share of electricity at 
any moment and in any place, without affecting the 
others placed in the same circuit. 

2nd. The generator must therefore continuously 
furnish all the force required, but not more, or there 
will be loss. 

3rd. The movement of electricity being very rapid, 
it is of importance that the regulation necessary to 
fulfil these conditions should be automatic. 

Such are the necessary exterior conditions for any 
distribution to be complete. 

Before enumerating the attempts made in this 
direction, we will glance at the conditions which 
they ought to fulfil. 

Ab we have said, there are two ways of supplying 
several electric apparatus from the same source. 
The first consists in putting them one after the other 
in the pame circuit, or in series ; the second is when 
each has a separate circuit, or rather a e*^^^^'*''^ 
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branch off the main circuit. This arrangement is 
variously called in parallel, in multiple arc, or in 
derivation. 

In both cases, if it is required that the various 
machines should receive their proper supply of 
current continuously, and that the addition of one 
should not affect the others, a regulation of the 
electromotive force or the current must be effected, 
the nature of such regulation depending on the 
system adopted, whether the series or parallel. 

For example, suppose we wish to utilise a waterfall 
which, we will say, is of great height but of small 
volume, and we arrange a set of water-wheels one 
under the other, so that each receives the whole of 
the water escaping from the one above it. Each 
wheel then utilises the whole of the volume of the 
fall, but only a portion of the head. If with this 
arrangement we wish to add another wheel, we 
must put it above the others, and consequently 
the height and not the volume of the fall must be 
altered. 

If, on the other hand, we have a broad fall but of 
moderate height, we may take off a certain number 
of channels of suitable width, and in each place a 
wheel. Then each wheel will utilise the whole of 
the height of the fall, but only a portion of the 
volume. If we want to add another, we must take 
off another channel for the current, when the total 
volume of water must be increased, the height of the 
fall remaining \in(i\i'M\^<5i^. 

The two above-ixi»axi\^!^'^^^^'t'^^^'?^'^^^^^^^ 



of Potential. 275 

tachmes are eomewhat simitar ; if they are placed 
le after the other in the same circuit, when one jb 
dded we have only to increase the tension which 
orresponds to the height of the waterftiU without 
ncreasing the amount of the current. If, however, 
bey are in parallel, and the number is altered, the 
nraent must be modified, the ten si on remaining the 

me. 

We have thus two modes of regulation. The 
leriee arrangement has many defects, for in the first 
llace each machine is dependent on all the rest. If 
of them meets with an accident, all the others 
are at once stopped ; and furtlier, very great varia- 
tion in the electromotive force is pre-supposed, and 
extremely high tensious would often be necessary. 
Shis arrangement is theoretically possible, but it is 
fioubtful if it could be practically employed. The 
parallel system appears more possible and certain in 
Hb action, and is the only one which has been at all 
Qsed hitherto. 

The problem is, therefore, to maintain a constant 
jireseure or tension, whatever may be the number of 
machines, etc., in the parallels ; and it will be seen 
tiiat the tension which it is required to maintain 
.constant is that at the terminals of the generating 
Xiachine ; it is from these points that the derived 
idrcnits feeding the vaiious motors, etc., are supposed 
ito take their origin, and it is the tension at these 
ipoints which determines the exterior current ; this 
tension, then (scientifically termed, difference of ijoten- 
tial), must be BO regulated that a\. sia^ -Kiomsci."*, 



276 Wedrioiiy a$ a Motive Power. 

may be oonstanty whatever may be the exterior 
circuit, or whatever variations it may ondergo. 

The solution of this question has recently become 
of such urgent importance that a considerable number 
of plans have been put forward from different qotf- 
tersy all of which have more or less helped to solfe 
the difficulty. 

We will therefore refer to some of these, bat we 
must at once state that the period in which they 
have all been brought out is really so short, that it is 
next to impossible to give them in chronological 
order, or to award the various priorities of conception. 
The legal points of the question, based on authenti- 
cated dates, are of course easily solved, buty as a 
matter of science, to decide the priority of invention 
is difficult, owing to the number of claims ^^ 
forward. Besides, now-a-days scientific researches 
are, so to speak, democracised. Formerly, inventors 
were a small and select aristocracy, but now the 
reHults seem to arise from a number of small iBdi* 
vidual researches, rendering them neither less bril' 
liant nor less useful, but somewhat hiding the origin 
in mystery. We will therefore, instead of following 
the chronological order, go through them in such ft 
way as to see the successive development of the 
means employed. 

One of the earliest was that of Edison, in which 
he sought to obtain regularity by inodifying the 
production of the current. There are, of coarse, 
three ways of varying the current produc^ by • 
machine : the first is to vary the speed, whi^ ie eX' 
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tremely difficult mechanically, and not very prac- 
tical ; the second way is to vary the action of tlie 
field miigneta by moving them further away from the 
annature, and it will be seen that this is out of the 
question ; the third way is to vary the current 
through the field magnets; this is evidently the 
most convenient method, aad the one which has been 
moat generally adopted. 

For this there is an essential condition, namely, 
that the magnets are not excited solely by the useful 
Current of the machine ; in fact, it would then be im- 
possible to vary the excitation of the magnets 
Ivithout equally varying the exterior circuit. In the 
Edison system the field magnets are excited by a 
Sitint from the main circuit. In this accessory cir- 
Ouit is placed a box, and by means of a handle 
'Worked by an attendant variable resistances may be 
■fclirown in, as may be shown necessary by an indi- 
cator, thus always maintaining the proper current 
tkccordiDg to the demand. 

The necessary presence of this attendant is the 
"Weak point in this arrangement ; it is not automatic, 
and for an extended service, supplying various and 
unforeseen wants, this kind of regulation would be 
insufficient. Mr. Edison has, however, applied his 
system to a large lighting installation in New York, 
whieb is said to work well ; but in any case it must 
be observed that this description of distribution is 
one of the simplest, including only apparatus all 
identical, namely, lamps, and lias o^V^ \k> Ka>{\j\:^ 
wants which may in a great measme\j6 lot^iwJA. 
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I At the Exhibition wm aUo Bhown BIr. Maiim's 

regnlator, repreeentod in Fig. 109. Thia is s 

I mecbaiucal regulator, and consists essentially of a 

I I«Ter continaall; worked by the machine. This 

I 




lever, huviiig two cams on it, is suspended between 
two cog-wheels ; if it rises, it touchea the upper one. 
od by means of the cam tuma one tooth at eacb 
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OBcillation ; if it fella, the lower wheel is turned. 
The lever is fixed to the armature of an electro-mag- 
net, through the coils of which paasea the currant to 
be regulated ; it follows that if the current is too 
great the armature is attracted and falls, carrying 
the lever, which then acta on the lower wheel ; if the 
current ia too weak the armature, acted on by a 
Spring, is drawn up, thu3 putting in motion the 
Qpper wheel ; but for a normal current there is no 
movement. The cogged wheels thus put in play are 
tXot employed to put in resistances as in the Edison 
Arrangement, but they act on the brushes of the 
Xuacbine and alter their position. It will be remem- 
"t»ered that in dynamo-electric machines the current 
is collected by two springs or brushes rubbing on the 
devolving cylindrical commutator. According to the 
position of these brushes the current may be collected 
either at the maximum point or at any other, when 
there will be less; it will thus be seen that by 
■varying the position of the hruebes the current may 
le varied. 

This arrangement is very defective, as will be 
easily understood. From what has been said about 
dynamo-electric machines, it will have been under- 
etood that the position of the brushes was deter- 
mined; but if these brushes must be capable of 
heing shifted either way, it follows that their mean 
position which they occupy normally is not their 
most advantageous position, and it will be underatood 
how grave a fault this is. 
This system Las also the great di^s^-^wiAa.'^ft tiv 
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\ 



slownefls: theoretically^ it ought to act; practically, 
it did Dot do so at the Exhibitioii, and it is yery 
doabtful if it has erer really heenk naed. For a large 
distribution it woold be qnite insofficient. 

The Lane Fox r^;iilator somewhat resembled the 
foregoing. Like it, it relied cm the action of an 
electro-magnet^ bnt instead of acting on the brashes 
as in the Maxim system, it serred to introduce or 
take oat artificial resistances in the exciting circuit 
These modifications being occasioned by the attrac- 
tion of a magnet, take place very slowly, and alto- 
gether it is not likely to be much osed, on account of 
its being so very slow working. 

The Brash system of L'ghting was very much 
noticed at the Exhibition, and for some things very 
rightly so. Without being actually more perfect 
than others as regards the lamp and the results ob- 
tained, it must share with the Jamin candles the 
honour of having first employed high tensions in the 
application of electricity to lighting. It has been 
already stated that M. Gramme had made machines 
reaching tensions of 300 volts ; those of Mr. Brush 
reached 1000 and even 2000 volts. We have re- 
marked that M. Marcel Deprez, in his experiments 
on the transmission of force, has also attained and 
surpassed these tensions. It is interesting to note 
that an inventor who was not, like Jamin and 
Deprez, guided by well-thoughtrout theory, should 
also have so well understood the necessity for high 
^'^nsions as to adopt them with boldness. 

"^ur readers wt\\ exc^aaa \5d^ ^\^^«stfs^. TviSa. h^w 
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not the only point of notice in the Brush syatem, 
which included also a regulating arrangement, which 
was, however, very elementary. To vary the esciting 
current, a shunt was arranged which was opened 
more or less according to the energy required. It 
will be seen that by this arrangeme"t any excess was 
lost, the production remaining uniform. The syatem 
also consists of a double regulating arrangement, the 
one automatic, the other worlied by hand, both of 
which may be criticised from several p ints. Simi- 
larly with those already mentioned, it has not 
acted well, and is not capable of being extensively 
used. 

Interesting theoretical studies were being at the 
same time carried on, and to M. Hospitalier ia due a 
complete projected syatem, apparently satisfying the 
required conditions. To M. G-. Oabunella ia also due 
a special system of distribution. Instead of arrang- 
ing all the apparatus in parallel as others had done, 
he put them in series : this has, as we have stated, 
the objection of necessitating the use of very high 
tensions, which we think can never be really 
applied. 

One of the most elementary systems of regulation 
is that of M. Gravier. He reduces the problem to its 
most simple terms. We have said that the difficulty 
consisted in the fact of the generating machines 
having an internal resistance, and that the problem 
Would disappear if this resistance could be done 
away with. Tliis not being possible, M. Gravier set 
iumself to reduce it. Foi this ^e \aqV % 'iixm^t^'^ ^ 
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machines, and joined them up for quantity, so that 
they (ifiVred the least resistance poseihle to the 
current. To reduce it still further, he took care to 
excite the field magnets separately. This done, he 
places the machines in circuits as equal as possible, 
in which he employs very thick leads. It therefore 
happens tliat if one circuit is taken out, the re- 
mainder, being equal, continue to he supplied as 
before, and the interior resistance being also very 
eliglit, the electric production remains approximately 
propoitional to the exterior resistance. M. Gravier 
bad at the Electric Iklnbition an installation on this 
system ; he fed lamps and machines on six different 
circuits, his generating apparatus being five maciiinea 
coupled together. 

This, however, is not a solution — it is an arrange- 
ment which may he useful, a good application of a 
known principle; but it will be seen that the diffi- 
culty is not got over, it is only lessened. It also 
possesses a great disadvantage, uamely, that machines 
with alight internal resistance necessarily produce 
electricity of very low tension, and it will therefore 
be Been that they would in consequence not be 
adapted to the transport of electricity to a distance. 
But to distribute usefully, transmission is necessary ; 
this system is then only useful withm certain very 
narrow limits. 

We now come to the solution proposed by M. 
Marcel Deprez, which is certainly the most im- 
portant of those which we have yet enumerated, and 
\% has this advantiige, that it has been tried. This 
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^^\[ place at Ilia Pfilaui da I'lndiistrie during the 
^Wtrical Exiiibition of 1881. Tho circuit from the 
SQierator almost mado the round of the building, 
■Onning a total lead of alx>ut 2 k ilumetreti ; at various 
pointa chosen witliuut diittinutiun, and only taking 
into considcratioii the requirenientB, purallels were 
taken olT each, feeling various kimla of apparatus 
worlciug maf/hines for mowing, foldiug, cutting out, 
■awing, turning, &o. At one point a number were 
placod together and formiid a small workshop, a 
branch Ijeing taken off for tho production of light as 
well. At tho end of tho circuit was installed a 
prtnting-prewt driven by a motor also supplied by a 
branch off tho miiiii circuit. All these were started 
or stopped at will, and each ono quite independently 
of any other, thus forming an esamplo of distribu- 
tion. 

'I'ho dyntem merely consisted of two generating 
machines, one Iitrge and one small, working together, 
and presenting tho appearance shown in Fig. 110. 
That was all ; in fact, its great simplicity was its 
great advantage. No mechanical apparatus was 
necetunry; it wm mltAy de|icndant on the action of 
physical forces, M. iJeprez discovered that the re- 
qnired result could bo arrived at by combining two 
ezoiting circuits on tho field magnets. For this 
purpose, on the magnets of the largo machine he 
wiads two separate wires; the one being traversed 
by the current from the small machine, thus giving 
to the geuf-rator a constant magnetisation entirely 
noconnectcd with the exterior circuit, and the secmiil 
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wire, being in the main exterior circuit, is travergwl 
by a variable current, thus adding to the constat* 
luftgnetistttion one varying with the requiremenis o' 
the exterior circuit. He showed that by proper 
adjustment this variable magnetiaatioQ would be just 
sufficient to give the neceasary increase of electro- 




motive force as the demand increased. He thna 
obtained an automatic regulation without the inter- 
vention of any exterior apparatus, and satisfying in 
the most complete manner the required conditions. 
The Palais de I'lndustrie experiment was on a small 
scale; pnidence dema.^'ia 'Caa'i.Njsi'iate. "©.\\Q.'4,si.%aa^ 
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^1 pinion, a lai^r or more practical realiBation sliould 
H °6 waited for ; however, it muat be acknowledged 
■ 'O-^t we have here the greatest guarantee for ultimate 
W 8ti<5cess. 

Closely connected witt the above system of com- 
P'^Xuid winding of the field magnets is the Crompton- 
^PP principle. These inventors only use one 
**achine, the Biir^in, and on the field magnets they 
'^^iiid two wires, the one being included in the main 
^Ijcuit as in an ordinary series dynamo, and the 
*^ther being a shunt off that circuit ; by this means, 
^ith a varying resistance in the exterior circuit, 
"Very perfect automatic regulation is obtained. This 
arrangement was designed for lighting incandescent 
lamps in multiple arc, and is very largely and suc- 
cessfully used for this purpose ; but at Messrs. 
Crompton'a works, at Chelmsford, this machine is 
also used for the distribution of eiectric energy of 
every description. Wires are laid throughout the 
building having a convenient number of terminals, 
switches, and safety fuses, placed in the different 
shops, offices, and the laboratory. To some of these 
terminals are attached branch circuits (all in parallel 
arc), which feed Swan lamps for lighting the different 
parts of the works ; other terminals have no perma- 
nent connection with branch circuits, but can at any 
time be coupled up to such branches for the purpose 
of using the current for some special experimental 
work. The main circuit is kept charged to a diffe- 
rence of potential of 80 volts by one of these com- 
pound wound machines, the combitkatvcm qI taavn. *.nA 
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shnnt wires being so chosen that, no matter wliat 
current is taken ont of the machine, that cnrrent is 
always delivered at a predetermined and fixed diffe- 
rence of potential. In the present instance, the 
cnrrent taken from the machine varies largely 
thronghont the day, because from the main circuit 
the folloMdng operations are carried on independently 
of each other, viz. lighting by means of Swan lamps 
in parallel, testing arc lamps, testing and classifying 
8wan lamps, charging secondary battery, and trans- 
mission of motive [power. This last is done in the 
following manner : each dynamo, after it is finished, 
and before being sent out, is carefully tested. But 
before driving it by steam power it is found con- 
venient to run it for some time as a motor, but doing 
no work, so as to get the journals and the brushes to 
a proper bearing. The current is also used for polar- 
ising dynamos, for the purpose of making sure that 
the different coils on the field magnets are properly 
connected up ; calibrating volt- and am-meters, 
testing the fusing point of safety fuses, testing the 
magnetic properties of different mixtures of cast iron, 
and a number of other laboratory experiments, which 
of necessity are constantly going on in a large electric 
light works. As most of these operations are carried 
on independently of each other, it often happens that 
current is required at the same time for many diffe- 
rent purposes. Yet there is no difiBculty whatever in 
this, the machine always proving equal to the demand. 
Another system of distribution is that proposed by 
Professors Ayrlon. wA^^rrj^'^^^si ^^o^a^ *<is>s.>5Sft. 
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of accumulators in the town or centre where the 
electricity is required, the charging current heing 
Cnpplied from a distance wherever the motive power 
may be available. They propose the use of elec- 
tricity of very high tension but of low intensity ; by 
this means, as we have already shown, increasing the 
economy of working, and not necessitating the use of 
heavy and expensive condnctora. To transform this 
current into useful proportions, it is to be used to 
charge a great number of accumulators in series; 
these are then to be broken up by commutator 
switches into a number of batteries, each giving a 
proportionately large current of moderate tension, 
Buch as can be made use of for arc or incandescent 
'lamps, motors, etc. This system has never been 
Vorked on a large scale, but it has, in common with 
fio many others, the objection of necessitating the use 
of currents of extremely high tension, which, although 
necessary for the economical transmission of power 
to a distance, would in this case be more than usually 
dangerous to life, as the circuit through the accumu- 
lators would of necessity be exposed ; and any two 
persons standing on the ground and simultaneously 
touching the two extreme accumulators during the 
charging would be instantaneously killed, owing to 
the immense difference of potential, which might 
often amount to many thousands of volts. Of course, 
when broken up into batteries for use this danger 
would not esist, as the only current then would be 
that from the battery itself, being perhaps only 100 
to 200 volts. 
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Another eolutioo of the problem is that put iaft^ 
ward recently by Messrs. Goulard aud Gibba. The^' 
haye shown a small mstallatioii on their system aV^ 
the Westminster Royal Aquarium Electrical Ex.— ^ 
hibition, where the results obtained certaiflly appear"^ 
very eatisfactory. The principle employed is that of - 
the induction coil, and consists of a cardboard or 
wooden r.ylinder about 50 centimetres high, on which 
is wound in parallel spirals, and in rows one above the 
other, a cable, composed of a central copper wire of 
4 millimetres diameter, highly insulated. Parallel 
to this, and completely surrounding it, are six strands 
of twelve small wires each, individually insulated. The 
large wire forming the inductor is traversed by the 
current from an alternating current machine, and the 
six strands of twelve wires each in which the induced 
currents are generated have their ends attached to a 
commutator, bo that they may be joined up at will 
in quantity or in tension. Inside this hollow column 
is placed a soft-iron cylinder, which can be raised or 
lowered, by which the current induced in the small 
wires may be regulated. The instruments shown at 
the Aquarium consist each of four of these columns 
arranged in a square, and the ends of all the wires 
are brought up to the commutator in the middle, so 
that the whole of the wires may be grouped in ten- 
sion or in quantity, or some in quantity and some in 
tension. The practicability of this is shown : one of 
the instruments has all its wires grouped for quan- 
tity, and the cuit*!nt U'f,ht3 twenty-six incandescent 
lamps. 'Ike o&et g,eii«io.\Ki^ Vaa V'sq sy^'miaa 
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Si^Uped in tension, and lights a Jablochkoff candle, 
^^ at the same time one of the remaining columns 
^Shts five Swan lamps in multiple arc, and the other 
"*^Ve9 a small motor. The intensity of the current 
^f^diiced is proportional to that of the primary 
^^^irent, and the tension may be varied according to 
^© way in which the induced wires are coupled up. 
■^**e inducing wire forma a closed circuit, and of course 
^^y traverse any number of these instniments, pro- 
**<ied the electromotive force is sufficient to over- 
**'*iaie the resistance of the circuit and of the 

**Octro motive force generated by the secondary 

*^'irrent. The inventors therefore propose to use for 
*''ie transmission and distribution of power, alternating 
*^Urrent8 of very high tension, traversing as many of 
'■Qese secondary generators aa may he required, they 
■^eing all arranged in series. From this arrangement 
'''tiey say there can be no danger, since tlie primary 
<3iirrent only traverses a closed metallic circuit, and 
Contact with the body at any part of the circuit 
would offer too grcitt a resistance to allow the 
slightest derivation of the current. This system has 
at preBent only been shown on this small scale, and 
therefore it is impossible to speak with certainty as 
to its action in a practical shape, but the objection 
to it appears to be in the necessary use of alternating 
currents of high tension ; whether such currents can 
advantageously be employed on long circuits, 
where the effects of static charge and induction 
will have to be taken into aecomit,'jettema.Ycia\KiVwi 
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This, then, is the present position of the all-im- 
portant question of the day — the transport and 
distribution of power by means of electricity. Muck, 
very much has been done, but much yet remains to 
be accomplished before that almost Utopian state of 
things arrives, when all the vast powers of nature at 
present wasted shall be reclaimed and made subser- 
vient to human will by being transported through a 
wire to the centres of civilisation, and there dis- 
tributed to every one according to each individual 
requirement But in the immediate future we may 
safely prophesy that great progress will be made, and 
that before many years have elapsed electricity will 
be almost universally distributed. That will, then, 
certainly be one of the greatest events of our 
century, and will constitute a veritable social revo- 
lution. 

This progress may be summed up in one word : to 
bring electricity to the home. And electricity is at 
the same time light, chemical work, and motive 
power ; and that in the smallest quantities that may 
be desired at the disposal of the consumer, by the 
simple turning of a key. What advancements may 
we not look for, then, when many who have now no 
opportunity of making the experiments necessary to 
useful discoveries have this wonderful power readily 
obtainable, when every one has in his own hands, 
power in its most varied forms, and that at his own 
home, at his own time, and without being compelled 
to go to a stvxffy ^otksko^ for it The workshop ! 
This word opeii^ \*o owx V\^^ <2?«iWt ^^\N^^^\<5rsL ">&. *^^ 
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distribution of electricity has for men an immense 
advantage, it has much more for women. It is for 
them that the workshop is in the highest degree 
baneful : all know the dangers of this life in common, 
so profoundly destructive to health and morals. We 
have already mentioned that the first practical appli- 
cation of the transmission of power was to a factory 
of sewing machines, thus saving women from a 
hurtful labour. How much greater will be the ad- 
vantage when the woman can work her machine, no 
longer in the workshop, but at home by the hearth 
of her husband, by the cradle of her infant ! It is 
thus that will be found the true equality of the 
sexes ; it is thus that must be sought the solution of 
this burning question, the support and the indepen- 
dence of woman. This distribution will prove an 
eflScient remedy for these social diflSculties, and if 
we do not now actually possess it, we may consider it 
as certain that we soon shall do so. 
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NoTB A. — Jaoobi'b opinionb oh the pettrb of Eleotsio 
MoTOBB. — -EiTBAOT FROM THB Paper prbbentxd bi 
mx TO THB Pakib Aoademie deb fioiBNCie, im Dxd£M- 
BBtt, 1834. 

In the hietorj that ve have given on pages 44 and 51 
of the researches of Jaeobi on the subject of Electro^ 
MotorB we have not given the theoretical part of thift 
paper, for it would have appeared too Bcientifio to ths 
readers to whom our volume is addreascd. NeTertheleaa, 
as. in view of the progiess lately accomplished, this 
quoBtion has excited considerable interest, we hava 
thought it right to give it in the form of a note, in order 
that those not frightonod by formulm may see that this 
eminent Russian had from the first made a very profound 
study of the question, and that his hopes were not as vain 
aa might have been thought a little while ago, and as he 
himself thought a short time after his last attetnptB. At 
the time Jaeobi presented his paper to the Academie dea 
Sciences, this Institution did not publish an account of its 
doings, for it was only in 1835, on the proposal of Arago, 
that was started that most useful publication which, under 
the title of ' Comptes rendus dos St'onces de I'Academie des 
iciencoB,' ia \o-i«.^ ao 9.-55Tec\ated throughout the whole 



world. Jacoti'a pa^wT t 

by the Acftdomio, tut tV^a i 
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foanded by Ainonlt, under the title of ' L'lnBtitut,' 
which took its place, and a r^aumS of Jacobi's paper is 
there published in No. 82 (December 3rd, 1834). It is 
from this that we have borrowed the description given in 
page 42. Here then are the conclusiona witli which 
this reenme ends : 

"1. The mechanism of this motor ie very simple, 
compared with that of steam-engines. There are neither 
cyhnder, piston nor valvee, &e., the construction of which 
necessitates great exactitude, and therefoio espense, and 
none of that friction which consumes in pure loss more than 
half the total work ; here there is almost no useless work 
beyond the friction of the axles in the bearings. Further, 
this machine gives direct a continuous rotary motion 
^hich may be changed into other movements much more 
easily than when the prime motion is a rectilinear back- 
wards and forwards one. Here also there is no risk of an 
explosion. 

"3. All the motors hitherto employed for the working 
of machinery are hopelessly subject to the law, that their 
power is directly proportional to the economical eftect or 
to the cost of prodnctioa. Here, the intensity of the 
magnetic force may be increased in three ways : by in- 
creasing the voltaic apxmratus ; by increasing the size of 
the wires which surround the bars ; or by increosing the 
dimensions of these bars, principally their diameter. The 
increase of the battery has a limit beyond which the 
magnetic effect only increases insensibly. The increase 
of the wire has also a limit, but it is not so restricted. 
But as for the gain in increasing the dimensions of the 
iron subjected to the magnetising power of the current, no 
limit is known. Thus, the new motor does not belong to 
the category of the motivo forces hitherto employed, by 
the non-proportion between the cost and the effect. If it 
ooald Btill bo doubted that eyen ite mii^iii'aiiii ^i.-^'cyb >^( 
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workmg did not in any way correspond with that principle 
of economy which is always the nne qud non of any 
mechanical or indnstrial system, these doubts would be 
removed when we reflect that magnetism is a force, and 
and that the electro-magnetic excitation is instantaneously 
effected. In fact, when the voltaic circuit is closed, the 
wire, and in consequence the bar on which it is wound, 
acquires its maximum force in an instant. If some ex- 
periments seem to contradict this instantaneousness, thyre 
must be some fault in the experiment : either a little osde 
on the wire may have retarded the metallic contact o' 
there must be some other similar disturbing cause foreign 
to the actual properties of the magnetic force. 

" In the same way, if two magnetic systems move one 
towards the other, their mutual action is always in terms 
of their distance, so that the total action may be expressed 

Mds, In this integral formula the time or speed 

only enters into the formula of the universal attraction ; it is 
not affected in any way by the speed with which the two 
magnetic systems move one towards the other. There- 
fore, we may get the work I Mc2« done in any time 

whatever, changing nothing of the nature of the active 

systems, and without increasing the source of the force. 

That being settled, and the changing of the poles being 

made instantaneously, we are able to dispose of a force 

rMds 

analogous to gravity, and the expression I may be 

J o a 

compared to the known quantity g" 

" The movement of the system will then be an acoeler^ 

ated motion, and cannot become uniform unless \sd|ne 

force or resistance is met with which will be expressed 

in terms of the time or speed. It is with this movement 

as with that of a body falling from a great height, which 
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""Jy bocomes uiiifoim by the resistance of the air. But 
"^ tliisk that SDoh nn element, being entirely outsida the 
^'"e, may be reduced at will, 
" We shall see that it is not the eame with other 
t ^'ott. la fact, if we establisli an integral of the same 

! may 
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Vdt, for the worfe we can get from it, i 
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.^ Boppoae that the point where the force P is applied 
*3o other movement than that which is given to it by 
Snotivo force, which properly speaking is not a force, 
■» like muacular power, water, wind and vapour, a 
_" ^i^m of raatarial points animated by forces. As soon as 
point of application takes a normal movement, its 
mnat enter into the formula I P d «, and combines 
"Vt with the time which must elapse to produce tho in- 
^ty which the maintaining of this new speed demands. 
'K3m this often reanlt very complicated phenomena, as 
'*^ instance in locomotive steam-engines. 
*' To eatiiblish a precise difference between ordinary 
***otors and the new magnetic agent, wc may say that with 
*Qe former the accelerated movement bocomes imiform, 
*ot by the increase of the tesistanee, but because the 
^tioQ of the force on the poiut of application is weak- 
ened ; whQst with the latter, if the movement can bo 
made uniform, it is in consequence of some extraneous 
cauBe altogether indejiendent of tho principle of the force. 
Uagnetic force may then bo compared to gravity by sup- 
posing that we have at our disposal an infinite height ; 
it acts in all directions without meeting a fixed obstacle, 
whilst gravity does so at the surface of the earth. 

"In short, to enunciate in one word the technical im- 
portance of the new agent, we may say — ^in electric ma- 
chines speed costs nothing." 
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Nora B. — Some Dbtails of Tsouti^'s Battebt, as xm> 

m HIS Elbotbio Boat. 

Each element of this battery is composed of a plate of 
zinc placed between two carbons. The dimensioBB are 
as follows : — 

Total height * 24 metre. 

Width -16 „ 

Thickness * 005 to • 008 metre. 

The immersed snrfEice is about * 16 metre square. 

The carbons are electro-coppered at the upper part) 
which considerably diminishes the resistance of the bat- 
tery, gives a good surface for the contacts, and consoli- 
dates the carbon, always rather a brittle substance. The 
zinc plates, heavily amalgamated, have on their upper 
part a notch, into which is fitted the metal couplings 
covered with india-rubber, which supports the elements. 
This allows of ready removal, either for amalgamation 
or for any other purpose. The exciting liquid contains 
much more bichromate of potash than ordinary solutions, 
and it was also found necessary to increase the quantity 
of sulphuric acid to as much as a fifth, or even a fourth, 
of the total weight of water. As much as 250 grammes 
of bichromate per litre of water have in this manner been 
dissolved, and the constants of each element are, according 
to M. d' Arsonval : — 

Electromotive force E 1*9 volt. 

Internal resistance r '08 ohm. 

Intensity at moment of insertion ..118 amperes. 

On joining up a battery of six cells of this description 
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^ith B one-bobbin Troiiva motor, M, d'Areonval gives the 
^>IlDwmg as tbe result: — 

Work ID tlie bmke .. 3'75 kilogtammotroa per socooil. 

Current 20aiap6re8. 

Zino expQriiicd per hour 111 grammea. 

^Whence it appears tbat each gramme of zino gives by 
-ftJuB meaas 94 kilogrammetres of force. If we add to this 
SO per cent, for the work absorbed in the double trans- 
XniBsioQ by gearing and endtues chain (the brake not being 
ible to be applied direct on the axis of tbe motor), we 
lave an effective work of 112 kilogrammetres per gramme 
«>f zinc consumed ; and it is eaid that, with motorb having 
several bobbins, this return has been exceeded. 

It is bIbo Buid that this battery, when used in oonjnnction 
"with a Gramme machine, has been made to furnish for 
'three consecutive hours a force of 14 kilogrammetres per 
second, and the following is a table of experiments under- 
taken by M. Trouv^ : — 



«"-■ ^^r 


miuu'^ Tf"' m=?JS°" peiG^LiB 


I bobbin 
8 bobbins 
1 » 
B „ 


8-800 

G 
10 
20 


kig. 
3-75 
8 
ZO 

S6 


6 

la 

24 
48 


13-300 1 93-75 
29-800 100 
7a 000 125 
201-600 175 


fcgm. 
112-75 
120 
150 
208 



Note C. — Ow the Electric Hetcrn-. — Count dh Mon- 
obl's Eeflv to certain Gritioisus on Dbfbez's 

EXPEBIMIWTS BETWEEN MiEBBAOH Attn MUNIGH. 

The inaccurate manner in which my communication to 
the Acad^mie with reepect to these experiments has been 
received, compels me to explain myself more fully than I 
have bitbetto done on the subject ot vi^iaX. S& «a^tA ■&«. 
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electric return. It is for want of exactly nnderstanding 
this term that many persons have belieyed that there wb8 
a regrettable contradiction bet\^een the figure of the elec- 
tric return as at first given by M. Deprez and the figure of 
the mechanical return afterwards obtained by the Electro- 
technical Commission. 

The return of an electromotive machine in regard to 
another which puts it in motion is expressed by the pro- 
portion of the useful mechanical work developed by the 
second to the work absorbed by the first. But the work 
may be estimated in two different ways: either by me- 
chanically applying a dynamometer to the generating 
machine, and a Prony brake or some other similar appa- 
ratus to the second; or by electrically measuring the 
intensity of the current traversing the two machines, as 
also the electromotive forces, the one direct and the other 
inverse, developed by the two machines. In the second 
case, the mechanical work absorbed by the first machine 
and that returned by the second may be ascertained by 
the electric measurements taken, by applying certain 
fundamental dynamic theorems which I will here briefly 
recapitulate. But, before going further, it is necessary 
to observe that the return calculated from this second 
method is necessarily higher than that obtained by direct 
mechanical measurement, for it is nothing less than the 
expression of what the mechanical return would be if the 
machines were perfect, i.e. exempt from friction, insta- 
bility, and even certain electric imperfections which can 
only be completely eliminated if the armature ring were 
composed of an infinite number of sections infinitely 
small. These last causes of loss are generally very 
small, and do not exceed 3 or 4 per cent. 

Joule's law enables us to calculate easily the mechanical 
work developed in tVie foTm of heat in an inert circuit, 
thai is to say, in vAiicVi ^«t^ ^x^ T^^-NfiCkSt T&L^^s^sss^kKsflL ^wa 



jliemical actions. Thia quantity of work has for eipres- 
of the three forma, E I', ^ , or E I. Tho first ia 

trhere the resistance K and tLo iutenaitj of the current I 
ftre known, the eeconil wboo the eloctromotivo force E 
and the resiBtance E, anil tiio last when tlio electromotive 
force E and the iutensity I are respectively known, Tho 
two last esproBsioDB are easily dednced from tho £ret 
|(whicb waa obtained by experiment by Joule) by com- 
iiuing it with Ohm's law. 

It must be obfierved that tlio numbers obtained by these 
©xpressiona represent kilogrammctres per second when 
E, I, and E are respectively expressed in volts, amperes, 
and ohms, and when each is divided by the nnmber g = 
9*S1 metres, which represents the acceleration duo to 
gravity. If it is required to know the number of calorics 
developed in one second by the passage of a current, the 
nnmber of kilogrammetrcs found must he divided by the 
mechanical equivalent of heat, or 425. The quantity of 
I mechanical work (eipressed in kilogramraetres per second) 
liberated in an inert circuit nnder the form of heat, by 
|, the passage of an electric current, is represented indif- 
EP ^ EI 
3 ' ?E' 9 

Let us now consider the case where the circuit instead 
of being inert, as we have supposod, contains a perfect 
electric motor (i. e. one based on the principle fiist applied 
by Pacinotti), free from friction and viliration, and the 
fuds of which ia provided with a brake enabling tho total 
work developed to be measured when the motor turns. 
The total energy developed by the source of electricity 
then appears in the whole circuit in two different forms: 
heat and work. Since the iiitonsity of the current being 
the same at all points of the circuit, ■jjlio.t&'fiiY raa.'^ be the 
aatare of the phenomena taking 5\ace &fixaMi. kJSsai^iNssJii 



lerently by one of the eipi 



I 
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Terified by Faraday), and the resistance of a metallic 
oircoit being under proper conditions independent of i 
state of repose or of motion, as also of the electromotiyep 
forces of which it may be the seat,* the quantity of hea^ 
developed in the whole circuit is always represented by 

^■^— ^^^^ • 
9 
Again, the total quantity of work or energy generated 

by the source and expended in the total circuit, either in 

the form of heat or in the form of work, is in every 

EI 
c«e repreaented in Idlograounetres per second by -• 

Numerous demonstrations have been given of this funda- 
mental theory, and it is not necessary to repeat them 
here, but we will show how it may be directly deduced 
from the principle of the conservation of energy, and 
from the law of Faraday. Take a battery of n elements, 
having each an electromotive force taken as unity and 
producing a current of intensity L According to the law 
of Faraday, the quantity of zinc dissolved in each element 
in unit time is proportional to I, and the total quantity of 
zinc dissolved in the n elements will consequently be 
proportional to n I, that is to say, to E L But to this 
quantity of zinc dissolved corresponds a certain number 
of calorics, i. e. a quantity of energy perfectly determined. 
We may thus say that the total quantity of energy pro- 
duced by a source of electricity in unit time is propor- 

EI 

tional to E I, and is in reality measured by — • , as we 

* Some have thought that certain effects observed in the 
movable parts of machines in motion were caused by a real increase 
of the resistance of the machine ; but a closer study showed that 
this was accounted for by secondary effects, the electromotive 
force of extra cnrteTita \ia.V\ii^\wi\XiVii^ to do with the resistance of 
the circuit. 
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iiave said above, when the British Association units are 
adopted. 

let 08 now call T the mechanical work produced by 
the motor expressed in kilograminetres per second : the 
total energy developed by the source equals the snm of 
the partial energies developed in the whole circuit, and 

we shall have the equation — = + T ; whence we 

9 3 

haveT = l(^-^^). 

9 
To understand the second term of this equation, let n& 
bring tho expression E — B I into its simpler form, and 
for that let us remark that in tho fundamental equation 

E 
representing Ohm'a law I = =- , it is expressly understood 

that E represents the algebraic sum of the positive electro- 
motive forces and the negatiyo electromotive forces (if 
there be any) in the circuit, so that if we represent the 
first by E and the second by e, the equation becomes 

E - e 
I = — — — , whence e = E — K I. The expression 

B — BI then always represents a negative electromotive 

force, and wo may conclude that when a motor furnishes 

work it necessarily generates a contrary electromotive 

force, which is exactly what is proved by experiment. 

Using this form for the term E — RI, the equation of 

el E - e 

work becomes T = - — , or remembering that I = — j-— 

e f E — e) 
T = -^^ — ^ — , so that tho total energy developed by the 

Bonrce becomes T = = — ^ : and the work lost 

. ,, , ., .HP HfE-e\, (E-e)= 
in the fotw of heat — or — V — ^ — V' ot; ^7^ ■ 
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We will tabaUta tbeee reeolts a& follows :— 



j« / . fEI E(E-<) 

III 



j RecoTered in tbs form of work inf ^ _ fl(E -^ 
■4 g ffB 



1 the ftinn offBP_ 



Theeo espreBaione constitate what may be called -^ ^i 

fundamental equations of the theory of the transport 

force. ,^:::y»* 

Tbey are, bowe»er, strictly applicable only to moto,^^|^py. .■ 
electrically perfect, i. e. to those in which the electrc^ ^ ■ 
motive force imdergoee no variation thruughout a complot»^ 
revolution. _ to 

Thia ideal is realised by instrnments which servo tcC^ .^t 

demonstrate the rotation of a movable circuit by a magnet^ ^e 

acting as the axis of this circuit. Motors founded on the ^^ «. 

principle of Pacinotti approach the nearer to this perfeo- ^^ 

tion the greater the number of sections in the ring ; but, as j^ 

we said above, they may be considered as being at present ^ ■ 

so near to absolute perfection, that there is little hope of M 

improving them in this respect. The dynamometrio ei- 

periments which these machines have undergone of late 

EI 
years, have proved in foot that the expression — 

represents about '95 of the mechanical work applied to 
the pulley after deductions are made for the work ex- 
pended in overcoming friction ; that is to say, that if the 
total work applied to tho pulloy is represented by 100, 

EI 

and the work absorbed by friction by 10, the product — 

may reach tt^o^ ^^*i Te'maMi\a5,'wi«V(JG'i — \.Ci'\e.baorbed 
in mrk pnielj oli«t™,w Sl--^- ■SV«5ifa«™'>»-«.-^ 
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then TOpreaeiits the loss dne to electno imperfectioiiB, 
which would exist even in a, motor free from all friction, 
which amoanta, us I said at the beginuing of thiB article, 
'to 4 or S per cent. 

The fundnmental eqnntione enable us to calculate 

unediately the value of the economical return, i. e. the 

Hjiroportion of mechanical work recovered in the motor to 
"that absorbed in the generator. For that it sufBces to 

I' divide the first expression by the second. We therefore 

1 liave, calliug h this economic letum, 

l| But this expression is independent of ike resistance, and 
l| it may therefore he concluded that the economic return 
I only depends upon the proportion between tho counter 
I. electromotive force of the reeeiver and the electromotive 
f force of tho generator. This is what M. Deproz tersely 
j^ expressed when he said, " the return ia independent of the 
distance." But if the economic return is independent of 
the resistance, the absolute work * is not in the same case, 
I And it is this which some viho have discussed the experi- 
ments of M. Uaprez have affected to call the return, 
being ignorant of the fact that this term has always had 
in mechanics a ^lerfectly defined aignifi.cation long before 
; it was thouglit of applying it to electromotors. 

In order to see the infiuence of resistance in tho circiiit 
on the absolute work, we will tntrodaco into the above 
equations the value of the economic return h which it is 

desired to obtain. From the equotion k = r= we have 

* To mftinlain constant tha work tranamilted, whatever may bo 
the reaiatance, U. Marovl Deprcz kitia itliown that the electro- 
tootive force o[ the source muBt be incieaieA ^lOTartiQwatel^ to the 
^Dors root of the resititance. 



Work absorbed by the generator , , 



e = i E, uul making use of this value of e in the pre- 
ceding etinntions, they become : — 

E^(l -J) 
ffR 

Work recovered in the motor „ V ~ J 

Work lost in the form of heat .. —{^"Z^ 
gH. 

But in this form they lend tliemaelvee to diBCueeioii- 
The Beconil shows immediately that if wo Biippoee the 
electromotive force £ of the generator as given, the work 
recovered in the receiver may be obtained by giving 
the economic return two different values complementary 

one of the other, such as j^ and T-r , or :j--- and — - , or rrr 

ThuB the absolute work of tho receiver may be the 
same in two different experiments, although the economic 
return has very dissimilar values. 

We shall see that these differences result from the 
weight put on the brake applied to tho machine. According 
as the weight on tho brake is groat or Bmall, so the speed 
of the receiver ia low or high, but tlie work per second, 
i. e. the product of the resisting efibrb of the brake, and 
the speed at the point of application of this effort, may be 
the same. This work also may be nil in two cases, when 
k = 0, and when k = 1. 

The first of these is when the brake is so heavily 
loaded as to completely prevent the receiver from tomiDg, 
and the second when it is, on the otl^er hand, completely 
taken off. There is therefore a value for the eeouomio 
return, for wliich fce uscS.iii -xcrtt <A ftm ^tiasv-isa ^ the 
greatest poBaiWo. "E^e a™^ «^ *^* "^"^ e.^-ST««««.^V «iA 



— k being constant, this masimnm is reached when they 
re eqaal: that is to Bay,wheinife = ^. This further givoB 

le resnlt -^= {1 — 3 i) of the second term of the second 

eqnation. The useful work recovered therefore bocomeH 

and the work spent in the generator ;r — z- . If the 

entirely prevented frem turning we should 

have ft = 0, and the work absorbed by the generator then 

E^ 
become the greatest possible, or ^jr , the identical value 
g H 

which would bo obtaiaed by Joule's law for an iuert 
eirouit. "We see that the maiimum mechanical work 
deYeloped by the receiver corresponda to the economic 
return being equal to ^, and that when the economic 
return is varied between 1 and zero the work 
in the generator constantly increases from 
E^ 
to -^ , although the electromotive force remains 

(rnnstant. 

These considerations, although very simple, appear 
Homewhat delicate and complicated at first, and it is from 
not having well comprehended them that many have 
lately written a vast amount of inaccurate criticisms on 
the transport of force. To cite only one example, one of 
the most common errors consista in the belief that the 
economic return can never exceed 50 per cent,, because it 
reaches this value when the work developed by the 
3receiver is the greatest possible in absolute value. 

All the faactiona of generator and receiver become 
perfectly clear when we take as a starting point the 
■weight on the brake on the receiver, as M, Doprez has 
done in his latest theoretical studiea oa t\iB ti;ana^irt of 
£>rae. He b&s, in fact, shown thai fia* sia^e i^e,\aKo;v'-vi 
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^m^i'^^mt to eompleld J detenaiiie Uie speed, tndiBCOii- 
■equenoe the abeolnte wofk of the xeoeiyer, its ooonter 
electromoiiTe force, the economic retam, and the intoisity 
of the current, ptorided thai certain e1«nentB in tbe 
construction of the marJiinfla and the reaiatftnoe of ibe 
drcoit are known. 

He waa thus enaMed to obtain fonnnlas remarkable for 
their aimplicitj and for the small number of TuiiUe 
elements contained therein, and in which electrical 
symbols do not appear, but are replaced by a new element 
to which IL Depres has given the name of ** Cost of the 
sUtic effort " (Prix de I'effort statiqne). This dep^ds 
solely upon the c(Mistnicti<m of the machine, and has no 
reference to its internal resistance. I would refer those 
who wish to go farther into this qnesfcion to * La Lumieie 
Electriqne ' for November 4th, 1882 ; but I think it weU 
to describe here the fundamental experiment on which 
this new theory is based, which experiment M. Deprez 
very recently repeated in my presence. 

On the axis of any receiver, Gramme or Hefiier- Alteneck, 
is fixed an automatic regulating dynamometer brake, that 
is to say, one maintaining strictly constant the tangential 
effort applied to the pulley of the brake, whatever may be 
the variation in the friction. A current is then sent 
through the receiver, taking care to have an intensity 
galvanometer or am-meter in the circuit. Another galva- 
nometer, which must have a very high resistance, is 
placed in derivation at the terminals of the generator in 
order to ascertain the difference of potential between these 
terminals. These arrangements being made, the generator 
is revolved at a gradually increasing speed, and it will be 
seen that as long as the receiver does not move, the two 
galvanometers are progressively deflected proportionately 
and continuously, showing that the electromotive force of 
the generator and the intensity of the current generated 



Notes. 307 

•re proportionately increasod. But from tho moment 
'Vbea the receiver begba to move, the noodle of the 
Jntonsitf galvanomoter romaine Bteadily fixed nt the then 
deflection, whatever may be tho spoed of tho generator, 
while the needle of the galvanometer in derivation Bhows 
that the electromotive force increaBOB more and more with 
the speed of the generator. Tho speed of the receiver la 
in the some case, wJiich in the experiment I witnessod 
■varied between zero and 32 revolutions por second, tho 
intensity of the current not varying more than a'j of its 
proper value. 

The same result may be obtainod if tho experiment is 
^nade in another manner, namely, by adding to or decreasing 
the resistance in the circuit when tho intensity of the 
current remains constant. Whatever we may do, there- 
fore, as long as tho receiving maehiao moves at all, it is 
impossiblo to vary tho current as long as the weight on 
the brake is not altered. Any increase in the electro* 
motive force of the generator, or, what cornea to the same 
thing, any decrease in the resistance of the circuit, has 
only the effect of increasing the speed of the receiver. 
Bnt on the other hand, if the weight on the brake is 
changed, the current necessary to keop the receiver iu 
motion with this weight changes also, at the same time 
remaining independent of the speed of the receiver. The 
necessary couclueion with regard to this important experi- 
ment is, according to M. Dcprez, that the effort developed 
between the fixed and movable parts of a djnamo-olectric 
machine, when it is traversed by a current, is independent 
of the epeed and direction of the ring, and only depends 
on the intensity of the current. This principle was, 
moreover, suggested by Mr, Pollard about three years ago, 
M. Marcel Deprez has, by means of this singlo law, 
entiroJy reconstructed tho ttiootj cS &ft V"caiis^t,t!^ <iv 
force, rendering it so simplo that. It ■w'^i^i- 'b.'A >>» ii\*. ^"i- 
1.^ 
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place to giTe bere an enmple of iii ftppUntion to ft' 
puiicnlar cMe, nnoe it bis alxeAdj been nuide poblk. ' 
Soppcjte two pvaciwlj nmilMr dyiuuDos, the one bdag 
geneimtor uid the other reeetfer, pleoed on a eizeoit d 
an J reatatanoe ; the reoeiTer beiiig fitted with a hai» 
with a known weight on it, and the generator being dzifea 
at a gradoall J increaaing speed. In Tirtoe of the above 
law, the cnnent will beoome oonataat aa aoon aa the 
reoeiTer begina to refoWe, and the tangential effort 
developed on the pnllej of the generator will be eqinl to 
that applied to the poUej of the reoeiTer, by reaacm of 
the iude|)endenoe of the mechanical action of the cnrzent 
(which ia the same at all pointa of the circnit), in reapeet 
of tlie Hx^ed or direction of the morementof the armatme. 
But the two rings haTing aimilar dimensions and being 
Habject to aimilar tangential effiorta, the retnm is ezprened 
by the proiiortion between their respectiTe speeds. But 
it haH long l>een indispntablj established that in ft 
iiiagiicto-electric machine the eloctromotiye force is pro- 
|iortioiial to the tangential speed of the pnllej, and the 
int<;nKity of the magnetic field, and the two machines being 
Hiniilur und travenied by the same current, their magnetic 
fi(;I(lH are (M[ual ; therefore the electromotiYe forces respect- 
ive ;ly dcvelo|>ed by the recoiyer and generator are pro- 
jiortionul to the Bpeeds of the armatures. Consequently, 
chilling the corrc8ponding electromotive forces and speeds 
of tlie two machines e, E, and r, V, respoctiyely, and k the 

re; turn, we Hhall have „ = ,, = ^« 

E V 

Wo thus come back to the Yaluo:iT, which we have 

iilrotuly obtained for the economic return by quite a 
different nuithcKl. 

With rtigard to the experiments of M. Marcel Deprez, 
wlien it iH remembered that before this experiment the 
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1}o1deBt enterprise in tliis (liiection woa with a 4 milli- 
metre copper wire, 6400 metres long, with a reaietanoe of 
ohms very carefolly insnlated throughout its entire 
length, and that M. Deprez elected to make use of an iron 
telegraph wire exposed to the rain, 114,000 metres in 
length and with a resistance of 950 ohms, and that not* 
withstanding these enormous differences in the conditions 
of the two experiments, the same industrial return was 
obtained, namely, 50 per cent., it will be conceded that 
the SiieBbach-Hunich experiment was of the utmost im- 
portance in the history of tho transport of force. The 
obstinacy with which the adversaries of M. Deproz, no 
longer being able to raise donbts as to the reality of the 
experiment which they prophesied beforehand would cover 
him with ridicule, now do all they can to mako light of 
and detract &om the results by disputing the mechanical 
return, is the completest proof that could ho desired. 
Carried away by their spirit of criticism, they endeavour 
to destroy every point of the new theory of the transport 
of force ; and quoting figures entirely without proofs, they 
triumpbantlycalculate that theoretically the return should 
be less than that actually arrived at by moans of brake and 
dynamometer ! 

When M. Marcel Deprez, in his communication to the 
" Aoademie," gave for the value of the return CO per cent., 
he took care to say that this return was measured (the 
two machines being identical) by the proportion between 
their, speeds (2000 and 1200 revolutions), deducting all 
passive resistances, and this showed that it was the theo- 
retical return — . His communication was addressed to 

soientifio men, and there was no necessity to explain him- 
self further, because he knew that the special ^ubli 
' addressed would nsA ni\svvnie,Ya.\a.tA. KV 
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would know how to distingmsli between the retorn- 

E 

or -^ and the industrial return. 

He oonld besides not give the direct electrical measnre- 
ments (eleotromotiYe force and current), because he had 
not the instruments necessary to obtain them, nor 
dynamometrical measurements as to the generator. He 
was therefore obliged to wait for the Electro-Technical 
Oommission to make their experiments. 

In 'La Lumi^ Electrique' he published a detailed 
account of the circumstances attending the experiments, 
and I will only add one particular given to me by M. 
Deprez himself authorising me to publish it, making a 
reserve as to the absolute exactitude of the figures, which 
he was only able to obtain verbally from the members of 
the Oommission, who were themselves unable to obtain the 
figures for all the experiments. 

The dififorenoe of potential measured direct between the 
terminals of the Munich machine, revolving at between 
720 and 760 a minute, was about 830 volts, and the 
current as measured at Miesbach was *4 ampere. Bnt 
from the experiments of Professor Eittler with a battery 
of 100 Meidingor cells (having a total E. M. F. of 106 
volts), after 14 days' rain and using the earth as return, it 
appeared that a current having at Munich an intensity of 
* 0692 ampere was still, on its arrival at Miesbach, equal 
to * 0674, or * 974 of its original intensity. It may be 
taken, then, that the current had practically the same 
intensity at Miesbach as at Munich, namely, * 4 ampere ;* 
but the resistance of the machine at Munich was 475 

* According to the official figures subsequently published, it 
appears that thia mtenevt^ ^^^ * 5 omp^re instead of 4. From this 
it results that tho ei^ciGiiC's «;Joq^^ ^\.\\a».\.^^ oS. * ^^ ^^-^ ^tMejsJaai^ 
according to the repott ol lYie <iomm\\Xfc^, •^'^^. 



ohms. These numbers enable na to calenlate the electro- 
motive force and the theoretical value of the work which 
should be produced by the machine at Munich. Wo iave 
then 

fl = 830 - (-1 X 475) = 640 volta, — = 25-6 kUo- 



18'G kilogrammetres ; the efficiency of ' 

then about ;r-r7T = '72. Farther, the resiBtance of the 

2 '66 
lino was 950 ohms, that of the generator at Mieebaoh 470 
ohms; and these figures easily enublo the electj^>motiV6 
force of the Miesbach machine to bo shown, namely, 
830 + (-4 X 1420) = 1400 volts. 

1400 X -4 
The work absorbed was theoretieally ■ — ^^ = 56 

kilogrammetTes per second ; and supposing that its e£B- 
cieacy was also '72, it will be found that a mechanical 
work of about 80 kilogTammetrcB should have been ab- 
Borbed. The electric return measured by tho proportion 
between the electromotive forces would therefore be 

Y ■ = -46, and measuring it by tho proportion between 
the speeds • (the Miesbach machine making 1600 revolu- 
tions per minute), wo have tw~?. = •455. Too great im- 
portanoe need not be attached to the romarkable coin- 

* In the experiment made on t!ie 20th Septombor bj M. Barcia, 
the apeod of the generatnr niu 220U revolutious per mhiute, tliat of 
theieceEveclSOS, and the work on tho break reached S7-5. These 
nombere were olieoked by Mr, Tattetct, '«\io ^oa o,\.'wiAi!i&. \ii 'Cus 
tet^toieal BBrriee of the Exhibitioa. 
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of ihete two figorai: ibej might haTe largely 
diffared, tad itill have oonfirmed the expreflrion of ibe 
electrio retmiL It maj be added that lor a week the 
reeeiTor worked a oentrifagal pomp nmning at 900 revo- 
IntioDB per minute (tiie pnlleys being the same fiize), and 
fed a pretty fountain nearly 8 metres in height. 

After eereral honrs* oonflecotiTe nmning the two 
machines showed no appreciable rise in temperature, 
which, considering tiieir enormous internal resistaiice, 
shows plainly that the intensity of the onrrent was very 
slight, as well as the quantity of energy lost in the form 
of heat 

I think I have abundantly shown that the success of 
the bold experiment undertaken by M. Marcel Deprez has 
fully confirmed the calculations and the theoretical yiews 
of this scientist, and that the incompatibility which his 
opponents wished to establish between the electric return 
and the mechanical return does not exist. In concluding, 
I must express the regret that the experiments of the 
Conmiission were not able to be undertaken under the 
Rome conditions as the first experiment made by M. 
Sarcia, when the useful work reached ^ horse-power, and 
the return would have reached a higher figure. M. 
Doproz has, witli many other details given in his letter of 
tho 11th of November last, stated the causes which pre- 
vented the Commission from working under similar 
conditions. 

Th. du Monoel. 



I Note D.- 



NoTB D, — On thb Chaeaotbribtio Ccbvb of Dynamo- 



Since the application of dyoamo machines bae become 
BO common, the diSerent effects that tboj realise, and the 
oharacteristicB and properties that they possesa, have beeu 
much studied ; and M. Deprez has found a very simple 
method of repreeentiug hy a curve theeo different cha- 
racters, and by simple graphic lines the different effects 
that a machine will give. To this curve hae been given 
the name " GJiaracfeTiatic." 

To obtain it, currents of known intensity are sent from 
an independent source through the field-magnet coils, 
the armature being revolved at speeds also known. For 
each intensity of current thus sent through the inducing 
circuit, the electromotive forces developed in the armature 
are measured, and are successively plotted off along a ver- 
tical line forming the ordinatos of the required curve, at 
the same time marking off the intensities as abscissie on 
the perpendicular lino. Then by describing a lino through 
the different intereectiouB of tho vertical and perpendicular 
lines, tho characteristic curve of the machine osporimented 
upon is obtained. 

The form of this curve depends upon the construction 
of the machine, its dimensions, and the proportion between 
its varions parts ; it reprosonts its actions and clearly 
showa the properties of tho apparatus, hence the name 
which has been given to it. It even enables a graphic 
solution of the questions which may arise in the use of 
such machines to be readily obtained, and assists in the 
explanation of several interesting phenomena. Thus, for 
example, when the curve for a Gramme machine, as shown 
in Fig. Ill, is studied, it is seen th^t Ikt fe^estao^sift's^ft 
force developed increaBea iap\dij a^, fet^,\«RKiBi^i^%^*i«i^ 
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And Ices npid, and onda by remaining stationary t<marJ» 
H, tlio corvo tending to become parallol to the boriiw'*' 
lino; this sliowa that the magnetization of the eoftii^ 
doea not incroaao indefinitoly, and that thero is a pois*'^ 
fifttiiration which, it is tnio, is not completely attaiD*^' 
but towards which it more and more tends. 

As the intensity of a current is proportional at *^ 
8anio time to the cli^troraotive force and the reBistaf 
it wiU bo easily understood that, knowing by the p'^ 
I tlio elootromotive force and the inteneity 
Fio. 111. 



ceding c 




the current at the different points of the cnrvo, the resist- 
ance of the circuit B corresponding to an intensity and 
electromotive force given may bo readily deduced ; for, 
if their proportion exactly represents this roeistance, as is 
E E 

given by Ohm's formula, E = ^, and as ithe proportion ■= 

represents tbo two sides of a right-angled triangle, it 
then becomes equal to tbo tangent of the angle formed 
by the lino of absciesie O X with the line O O, for 
example, wbich joineO w'tNift^B-^u&QitA'&.aii^^s'TO, If 
thia angle ia 46° ftve \aas,«* '^w^'i^^^* *^?^ ■« >-.-«i^* 
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the ratio of unit E. M. F. to unit inteneitj, i. e, 
ibm, or iinit resiatance, and it may bo made use of to 
■ C>n& a graduated scale of resistanceB. 

Let us now examine what happens wbcn we inoreaso 
«r diminiah the resistance ropTeaented, as we have said, 
1>y the tangent of the angle corresponding to the different 
^joints of the curve. It will bo soon that, for points in 
"tho part almost parallel with the lino of abscissa) as H, 
"the resistance of the circuit becomes loss and loss, and 
-that on the other hand it becomes greater for points 
on the opposite side, which consequently shows a pro- 
gresaive incroaso of the electric intensity in tho one case. 
aud a rapid decrease of this intensity in the other; a 
point will oven bo reached when thero is no longer any 
current transmitted; this will bo when the lino D 
limiting tho tangent will itself bo tangent to the curve 
at its origin O. This shows that for dynomo-oloctric 
maohineB there is a roaistanca for which the oxoitation 
is nil, and ceaaes to act. 

The characteristic curve of a dynamo is essentially 
Connected with tho speed V of tho aimaturo and with the 
ODmber of turns, t, of the coil surrounding it ; for the 
©lectromotivo force developed is, as experiment proves, 
proportional to thoso two quantities. Consequently, to 
obtain the characteristic corvo of a machine in which we 
"Vary the speed and tho number of turns on the ring, the 

Ordinatos of tho curve muat be multiplied by— or , which 

"Xvill give the electromotive force ; and we may also ascer- 
Imin the resistance of the circuit as well as tho intensity 
of the current by moans of a simple geometrical figure 
vhich Marcel Deprez has given, with many others relating 
to this qneation in his great work on characteristic a, 
])nbliBhed in "LaLumiereElectri(iu.Q"for December 3rd, 
1881, to which we would refer ftie lea&CT. 
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In a series of other articles^ pnUished in vols, vi and 
vii. of ^La Lmni^ Electriqne,** M. Deprez also gives 
the carves for the principal dynamo-electric machines in 
use, exemplified in different manners and with different 
speeds. These will be found very valuable to those who 
are concerned in the question of electromotors. They 
will be found vol. vi. p. 864; vol. viL pp. 114, 160, 219, 
580, 599. 
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